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PREFACE 


On July 12, 1977, the Director of the Office of Management and Budget 
(0MB) sent a letter to the Secretary of Agriculture requesting that the 
UftS, Department of Agriculture review its marketing research programs. 
The purpose was to assure that USDA is doing only research not 
otherwise being done by the private sector. 

Agricultural Research (AR), in the Science and Education Administration 
(SEA) of the USDA, was assigned the lead responsibility in making a 
study of the Post-Harvest Technology (PHT) Research within the overall 
marketing research program. Cooperative Research (CR), also a unit of 
SEA, was assigned to assess that part of the PHT Research that is 
carried out with Federal funding in the various States and territories 
of the United States* This report provides the results of the CR 
assessment. The report covers research done with Hatch funds. 

Me Intire-S tennis and other Federal funds allocated to the States by 
Congress as well as State appropriated funds and industry grantvS. 

[ Note : ] This report represents the combined efforts of many persons; 
including CR administrators, State agricultural experiment station 
directors, department chairmen, research scientists and SEA/CR staff. 
Preparation and assembly of the report was done by R, A, Dennison and 
R. G. Garner. Its purpose Is to provide information on the status of 
the post-harvest technology program and thereby complement the SEA/AR 
study. Coordination with the SEA/CR study was primarily through the 
assistance of H. S. Ricker, Chairman of the AR Agricultural Marketing 
Research Institute at Beltsville, Maryland, Evaluation procedures and 
format were designed to be complementary to the SEA/AR study in that 
both programs, although distinctly different, are related to the same 
set of socio-economic goals* Access to the study plan developed under 
the leadership of A, M, Cowan, Staff Scientist for Industrial 
Processing Technology of the National Planning Staff, Room 215, 
Building 005, BARC-West, Beltsville, Maryland, is acknowledged. The 
extensive descriptive information regarding the food and fiber 
marketing system provided in SEA/AR' s report "Post-Harvest Technology 
Assessment,” Volume II was shared and drawn upon but is not included 
with this report* 
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Highlights 

and analysas of State and other client institutions research 
,ii u}:rar.is in post-harvest technology (PHT) indicate that: 

ij, A total of ^59^2 million and 831 ^5 scientist years (SYs) were 
to these programs in FY 1976* 

Tuo research addresses high priority problems related to key 
.1 c . .r'ocuiiOinic goals as v;ell as provides information in support of 
r .j/iiiatury lunctionfi and generates essential basic knowledge* 

. A L-,Lrong PUT research program la essential to the continued proper 
'iMi «iificient functioning of the food and fiber marketing system and 
Ttji thij teclmological developments on which its future rests* 


j^ublicly supported PHT research programs help (1) bridge the gap 
(r ' agricultural production and consumer demands, (2) small, local 

r •* :aui .’at Luas vdiich serve society and provide employment but are too 
.. ill u\ ^■onducL rtisearch; and, (3) protect the pub Lie interest in 
I Lur^’ or .^ateny, quality, supply and cost of agricultural products* 

lliu PilT research programs are jointly planned, funded and 
. I ! f *r.xuited by uruversity, government and Industry to prevent 
uii.i I ^->saL 7 duplication. 


t* / . i't'Spunsi bliity for conduct of PHT research is siiared by 
on s t> , government and industry; some areas are the ciecir 

1 - u^'jusibj 1 i ty of the university, some are the clear respons:( hll i ty of 
,, .V tii-nent, otiicrs are the clear responsibility of industry, and fii 
u^jcis it is appropriate for the responsibility to be shared. 

Sc uce total resources dictate careful attention to appropriate 
1 1 * i <ind responsibilit ies . 


■U. Sjnoe It is not reasonable to expect private Industry {:<j imclerlaltfi 
PHi research that is clearly the responsibility of the public sector 
lesearcli in the public interest would not necessarily be undcrlaken bv 
industry if public funding were withdrawn. 


iO. In general, the State and OCI research 
scope and context considered appropriate for 
research. 


effort in PUT l.s within 
publicly supportGcl 


tile 


lU). While the cost-benefit ratio is difficult to determine due to the 
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Tills report analyzes the PHT research effort carried out by the 
land“grant institutions, the State agricultural experiment stations 
(SAES) and other client institutions (OCI). The Science and Education 
Administration^Cooperatlve Research of the USDA administers the Federal 
Hatch and other funds allocated to these institutions for support of 
this work. 

An assessment of post-harvest technology research for the food system 
is primarily the consideration within this report. However, data are 
also included on the post-harvest technology research effort 
supporting developments for wood and fiber products resulting from 
agricultural production. 
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Assessment of Post-^Ilarvest Teclinology Rosearcii 
Administered by Cooperative Rotsearch 
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INTRODUCTION 


Consumers expect an adequate supply of high quality, safe, wholesome, 
and nutritious food and farm products in the form that they desire and 
at a reasonable cost.* The United States has had to develop a 
well“functioning, total food system to reach the present stage of 
efficiency and the capability to meet these consumer expectations. 
Almost every other country marvels at the success of the United States 
in this endeavor. 

The food and fiber system includes all of the functions from the farm 
production of the raw materials until the final products are obtained 
by consumers. The marketing segment of the system Includes those 
activities performed from the time materials leave the farm gate until 
they reach consumers. There are two major components to marketing 
activities: those identified with the technology" of marketing, and 

those identified with the '’economics" of marketing. Post-harvest 
technology encompasses the technology aspect which includes the 
functions of assembly, processing, packaging, warehousing, storing, 
transportation and distribution of agricultural products through the 
institutional food trade, wholesale and retail outlets. 

In 1976 consumers spent an estimated $180 billion for food of farm 
origin. Approximately one-third of the expenditures were farm 
production costs and two-thirds food marketing costs. Major concerns 
are voiced by many groups about food costs and particularly the 
percentage of the costs attributed to the marketing segment within the 
food system. 

In the United States consumers have higher expectations concerning food 
today as compared with yesterday. Consumers will expect even more 
tomorrow. This is substantiated by the demands for a safer food 
supply, for products that provide greater nutritive value, for quality 
assurance, for products in a condition for convenient storage for later 
use, for products with a minimum of loss or no waste during 
preparation, and for products that are in a convenient form for use. 

In addition society is expecting that the industrial operations 
required for the production of the food supply in this condition will 
be accomplished without causing pollution of the environment, without 
placing undue demands on energy requirements, and at minimum cost. 

In order to meet these expectations, it is necessary to have a 
continuing research effort. The question is who should be responsible 
for the research In the post-harvest technology area? Is this the 
responsibility of the private sector and those industries directly 
involved? Should the research be carried out primarily by the Federal 
government? Or should the support of the research and the 
technological developments be a joint responsibility of the land-grant 
institutions in the 50 states and the territories of the United States, 
the Federal government and the industries involved? 









GovernmeuC at the National, Regional, State and local levels has many 
responsibilities to society in afjsurlng adequate safe, wholesome and 
nutritious food supply at a reasonable cost* As consumers demand more 
and more knowledge and information about foods, it is necessary to 
have increased data on the composition, the nutritional values and 
bioavailability of nutrients* There must be better understanding of 
food safety and influences on health. The measurement of food quality 
must be refined so that there can be better control through grades and 
standards. The environment must be protected by using better 
technology with the various operations required for the food system. 
Since the multitude of operations require a large percentage of the 
total energy, new technology must be developed that will conserve 
energy, the use of new energy sources, and reduce energy requirements. 
These societal problems must be solved by new and improved 
technological developments. Both government and private industry must 
contribute to this effort. 

In the following sections of this report, the scope and accomplish*" 
ments of the post-liarvest technology research program will be analyzed 
with consideration of the contribution to socio-economic goals. The 
Cooperative Research effort is primarily carried out through the State 
agricultural experiment stations, the schools of forestry, the 
land-grant universities, the 1890 universities and Tuskegee Institute. 
Since these units receive support in addition to the Federal funds 
administered through Cooperative Research, this additional research 
effort applicable to post-harvest technology will be reported also. 
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COOPERATIVE RESEARCH AND THE REGIONAL AND NATIONAL 
AGRICULTURAL RESEARCH PLANNING SYSTI'IM 


A. Legislative Authorization 


A unique partnership between the Federal Government and the States 
with regard to agricultural research has continued Lor 116 years. 

In 1862 President Abraham Lincoln signed into law two acts which 
Initiated this partnership: (1) "an act establishing the. U.S. 
Department of Agriculture" (May 15, 1862), and (2) "an act donating 
public lands to the several states and territories which anay 
provide colleges for the benefit of American Agriculture and the 
Mechanic Arts" (July 2, 1862). 

The Hatch Act — which became law on March 2, 1887 — provided 
Federal-grant funds for research, produced the land-grant colleges, 
agricultural experiment stations and, in the process, initated 
Federal-State cooperation in agricultural research. Subsequent 
acts provided additional Federal funds to strengthen and expand 
these progi'ams. 

Modern-day agriculture in the U.S. reflects the influence of almost 
a century of effective cooperative research between the land-grant 
colleges and the U.S, Department of Agriculture. This joint system 
for agriculture and forestry research has provided the technical 
base upon which the U.S. food and fiber system has been built. 
Federal-State cooperation has proven to be the most effective, 
efficient and productive method for providing food and fiber of any 
in the world. The system has been and is being copied by many 
other nations. 

B, The Research System in the USDA, States and Territories 


Tile research system involves six USDA agencies, 56 State 
agricultural experiment stations, 61 schools of forestry, 16 
land-grant colleges of 1890 and Tuskegee Institute. It provides 
for an effective research effort in every State plus the District 
of Columbia, Guam, the Virgin Islands and Puerto Rico and makes it 
possible to respond quickly to local, regional and National 
problems. The system is highly organized and coordinated. Both 
the Individual scientists and the administrators can be used in 
project and program development and coordination. A Director of a 
State agricultural experiment station is aware of the needs within 
the State as well as regional and national needs. 
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Res^earch Funding 


The nationwide system for agriculture and forestry researcli makes 
it possible to have a wide base of financial support. Federal 
funding is essential; but in addition State governments, 
industries, foundations, private organizations and other 
governmental organizations provide support. Research funds 
administered by the USDA can be categorized as intramural, 
extramural and “pass through*'. Intramural funds for research are 
those used for USDA programs principally performed by USDA 
employees. Agricultural Research (AR) will report on PHT programs 
supported by the Intramural funds. Extramural funds are those 
appropriated to USDA, administered by USDA, but intended for 
research at institutions and by scientists outside of USDA. Most 
of the USDA extramural funds are administered by Cooperative 
Research (CR). Pass-through funds are those appropriated to one 
Federal agency and then “passed through" to another Federal agency 
for administration. 

Cooperative Research (CR)j through the Science and Education 
Administration (SEA), is the USDA agency responsible for working 
with the State agricultural experiment stations (SAES), the 
colleges of 1890, the forestry schools and other cooperating 
institutions to help foster research cooperation and coordination. 
CR administers the extramural funds appropriated by Congress under 
the Hatch Act, the Mclntire-Stennis Act, the Experiment Station 
Facilities Act, the Act for Colleges of 1890 and Tuskegee 
Institute, and the Rural Development Act. The agricultural 
research programs at these institutions are not only supported by 
the extramural funds, but also by State-appropriated funds, 
Industries, foundations, private organizations and other government 
organizations. In 1976 the CR-administered funds supported 19 
percent of the total program for agriculture research as shown in 
Table 2. Thirty-one percent of the support for post-harvest 
technology research came from CR-adminlstered funds. 

The 1976 agricultural research funds by sources and manpower for 
each of the four regions in the United States are given in Table 3. 
Table 4 gives the 1976 funds and manpower assigned for PHT 
research. Of the total agricultural funds and manpower, 
approximately 10.9 percent and 12.6 percent, respectively, were 
used for PHT research. 


Table 2. Percentage of the funds from various sources supportin, 
the overall agriculture research programs and PHT research, 1976 


Source of Funds 

Agriculture 

PHT 

Extramural funds 

% 

X 

administered by CR 

19.4 

31.2 

Other Federal Agencies 

7.5 

8.0 

State Appropriations 

57.2 

50.2 

Industry Grants 

5.2 

5.6 

Other 

10.7 

5.0 

Total 

100 

100 


D. Research Planning and Coordination in the System 


Hie total system for agriculture and forestry research is well 
planned and coordinated. There is a National Planning Committee 
which establishes guidelines for national and regional planning 
operations. The Committee Is composed of administrators of the 
major USDA research agencies and directors of the State 
agricultural experiment stations. The Committee may appoint 
special subcommittees to plan research programs which are nationa 
or multi-regional in nature. 

There are four regional planning committees: Northeastern, 
Northcentral, Southern and Western. The Committees include 
designated USDA regional administrators, directors of State 
experiment stations and representatives of the 1890 colleges. Each 
Regional Committee may appoint one or more working groups to deal 
with distinct subject matter areas which are identified under seven 
research program groups (RPG's). Within the RPG's are the 
identified research programs (RP's) and planning units can be 
organized for these. The RP work units are commonly referred to as 
the task forces. They are mostly comprised of the scientists plus 
administrative advisors. 

The research planning and coordination system is of 'great value. 
Taxpayers realize needed accomplishments at a reduced cost because 
of good planning. The identification of problems and setting of 
priorities is improved. There is better interaction among 
scientists and more rapid implementation of the research for the 
benefit of consumers. . 



10 
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i; j ii't- ifMilar interest with regard to the assessnieuL of 

-h.-ir vest Technology Research Is the work of three regional task 
during the mid 1970's. Task forces in the Northceutral , 
-jiiLhnrn and Western Regions made studies of some of the neglected 
r I'p hindogical problems and priority research needs for" the 

tin;; sector of the food system. These task force reports 
j.'I ite to !<iuch of what is encompassed under the definition of 
[,.) ,r- li irvest technology research. Following is a summary, by 
, ..I'lonn, of areas the task forces identified as priority research 


A. Ilorthcentral Region 
K Food losses 

TI. Underutilized resources 
III. New sources of food 
rV. Nutritional quality of food 

V. Processing efficiency 

VI. Food safety 

Renton 

Raw product quality requirements for fresh and 
processed foods 

Md process improved food products 

processinr T' P'-'^^'^'^tion of food quality during 
processing, storage, and distribution 

IV. food acceptance and consumption 

food^^^* '*^^tributlon, and marketing systems for 

foods^*^^^'^ “aintenance of nutritive values of 

use"’'”’' 
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VIII. Energy, water and waste management in food handling 
and processing 

IX. Methodology and assessment of quality attributes for 
grades and standards of foods. 

X. Assessment of effects of science and teclmology of 
food on health, environment and socio-economic 
factors 

C. Western Region 


I. Food safety 

a. Mycotoxlns 

b. Naturally occurring toxicants 

c. Microbiological hazards 

d. Safety of new or alternate food sources 

II. Food composition and nutrient availability 

a. Effects of processing, transportation and 

storage on composition 

b. Effects of institutional food service handling 

and food preparation procedures on nutrient 
retention 

c. Improved analytical methodology 

d. Dietary patterns and food Intake 

e. Determination of nutritional status 

f. Bloavallabillty of nutrients 

g. Mineral and fiber fortification technology 

lit. Consumer acceptance 

a. Impact of regulations on productivity and 

ultimate food costs 

b. Food quality relationship with new plant 

varieties and animal breeds 

c. Improved methods for measuring quality 

d. Improved methods for detecting environmental 

contaminants 

IV. Utilization of new technology for quality 

improvement 

a. Bulk handling of raw materials 

b. Processing 

c. Reprocessing and materials conversion 

d. Post-processing storage 
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III,' (if'^'ani^aclon by regions provides for an easy and rapid method 
to bring rhout concerted team effort when a problem arises that is 
i.L j^nLiirest to two or more States. If agreed upon by the Directors 
'/U.hin the region the research can be supported by Regional 

Mi'ch Funds (RRF) which are made available under the Hatch Act 
n'l, . The participating scientists in a regional project 

at- rf'faponsible for accomplishing the objectives and working within 
i ional research committee. 

Sope of tlie regional projects have made and are making important 
i lint L ihutions to the area of post-harvest technology. The 
'ol lotting are enarapies of regional projects with particular 
'.igiiif Icance to PHT research: 

h’C-132 - Market Quality In Wheat 

ihis regional project brings together the special skills of a 
niribor of cereal scientists in the Northcentral Region and focuses 
111 .’ e sb.ills upon the complex problems of what constitutes good 
■ i.-h-t quality of wheat. It is necessary to understand the 
iit’a'licmical and piiyslcal characteristics of the wheat kernel and 
;l- ■.'■irqioncnts , and hov; these effect the "quality" of wheat and 

products. It is also necessary to know the causes of changes 
in "qusility" Induced by environment, storage conditions, milling 
‘.ni processing practices. 

TK-llb - Ouality Maintenance and Control in tlie Marketing and 
Storage of Vegetables 

ini i ri-gional project provides the mechanism whereby scientists in 
tdii.' MortheasL Region bring to bear their talents on the developmfint 
ot i^Lhods and instrumentation for measurement of quality in 
'.n‘,;et; ible.s and in applying these methods in the development of 
p.iiiii.veii marketing practices. The work may Involve objective 
no unireMent of color, texture, nutritive value, defects or 
pliyrn'alogical disorders of vegetables or establishing storage 
ivciuirements or conditions for storing certain vegetables that 
maximize nutilent retention and sensory quality. 


S-101 - Factors Affecting the Purchase and Use of SweetPotatoGs 


Tne pill pose of this regional study Is to determine consumer 
attitudes toward si^eetpotatoes and sweetpotato products; to 

internal and external quality of sweetpotatoes and 
-.t^eetpotato products and to relate these to consumer preferences; 
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and finally, to establish reliable product quality guidelines to 
ho ( p the industry more completely satisfy consumer demands and 
thereby assure growth of the sweetpotato industry. Factors 
affecting the purchase and use of sweetpotatoes have been 
identified and this information is being used to guide further 
research. 

From the above examples, it is possible to see the efficiencies and 
advantages of regional projects. Regional problems of concern to 
an entire industry or region may be undertaken more efficiently by 
coordinated rather than independent actions. Advice and support 
may be obtained from interested parties, such as producers, 
regulatory agencies, processors and consumers. 

Regional research resolves by team effort problems too large for a 
single station or agency to attempt to solve. Because regional 
research brings together highly competent scientific talent from 
experiment stations and Federal agencies, both the solutions of 
problems and the applications of results occur much more quickly 
than by isolated effort. At the same time, the regional approach 
has helped to avoid the costly duplication of similar research at 
more than one location. 

Those who do the actual work on regional projects - the scientists 
themselves are quick to point out that their involvement under 

RRF is a stimulating experience because it brings them in close 
contact with others having like interests and goals. The mutual 
exchange of information and ideas Invariably pays off. 

Two unanticipated advantages have added considerably to the merit 
of the program. Regional projects provide increased opportunity 
for concentrating research competence and funds on problems at 
locations where there is a high potential for significant progress. 
Secondly, the RRF program has an enviable record of stimulating 
young scientists to become more competent and responsive in their 
fields • 

E. Research Coordination with Extension and Teaching Activities at the 
Land-Grant Institutions 


There also are unique ways for the delivery of the new knowledge 
from research to the users. At the land-grant institutions the 
extension specialists in the cooperative extension service take the 
research results directly to the people, those who can benefit most 
from its use. Almost every county has extension personnel working 
directly with consumers, industry groups, cooperatives, local, 

State and Federal Government agencies. Consumers are made aware of 
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new knowledge that has come from research relative to nutritive 
values of various foods, safety, and quality factors. Small food 
companies generally do not have the available capability to 
translate new knov/ledge from research into applications for 
improvement of their operations. Rut through the educational 
programs carried on by the extension specialists there is a much 
earlier adapLatlon of new knowledge. Also, government agencies 
have direct contact with the extension specialists and the 
universities for a source of current Information and new 
developments . 

The research programs at the land-grant institutions are normally 
closely associated v/ith the teaching programs, both at the 
undergraduate and graduate levels. Usually the scientist lias an 
appointment carrying responsibility for both research and teaching. 
This is extremely valuable for the training of well-quaJ if ied 
personnel to fulfiil the future scientific and technical needs of 
government agencies, academic institutions and industries. During 
the time of the training program at the graduate level, students 
are usually involved with the research projects. They are making 
contributions and helping to add data for the various scientific 
fields. 

The payoffs from the Cooperative Research-Agriculture Research 
system have been enormous and are one of the reasons this Nation 
spends less of its disposable dollars for the purchase of food than 
any other country. 
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ANALYSIS OF THE PHT PROGRAM BY SOCIO-ECONOMIC 
GOALS AND RESEARCH ACTIVITIES 


A. Classification of the PHT Research by Goals 

Tliere is increasing awareness that developments and concerns within 
society as a whole must be a major focus for publicly supported 
research efforts. The judgment of the importance of programs 
cannot be evaluated for just one segment of society. A 
determination of the benefits to the public at large must be made. 

Post-harvest technology research for the food and fiber system 
relates to a number of societal concerns. These concerns include 
the decisions on energy use, protection of the environment from 
pollution, maintenance of health, maiittalnlng the costa for food 
and fiber at a reasonable level, and others. 

The Office of Management and Budget (0MB) and SEA-AR identified 
seven socio-economic goals under which to allocate the effort of 
the PHT research projects and to assess their contribution: 

Goal 1 - Energy and Renewable Resources 

Goal 2 - Environment 

Goal 3 - Productivity 

Goal 4 - Reduction of Losses 

Goal 5 - Health and Safety 

Goal 6 - Product Quality 

Goal 7 - Balance of Payments 

In addition to the socio-economic goals, 0MB asked for an 
indication of the percentage of the research effort directed to the 
support of regulatory and action agencies (Goal 8) and the percent 
of the research classified as basic (Goal 9). Goals 8 and 9 are 
considered non-additive and therefore are not included in the 
allocation of the 100 percent project effort for the socio-economic 
goals. 
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Follov/ing 16 cl brief description ot each of the goals: 

1, Energy and Renewable Resources (Goal 1) -- The developnuMiI of 
methods, processes and techniques for (1) the consei'Vat lou ot 
energy, (2) the use of alternative sources of energy ^^ind (3) 

I' he iuipxoved managemont of energy* 

2» Environment (Goal 2) ■' Pollution reduction in the w<it-C'i, soJ 1 
and atmosphere through new processing technology, waste 
management and use of biodegradable materials* 

3o Productivity (Goal 3) Development of new and improved 
technology and methods for processing, distribution and 
marketing in order to increase efficiencies, reduce overall 
marketing costs and improve competition* 

Reduction of Losses (Goal 4) - Development , improvement and/or 
adaptation of technologies for the prevention or reduction of 
product losses caused by microbial contami nation, insects, 
rodents, birds, adverse physiological changers and meehauical 
damage « 

5. Health and safety (Goal 5) “ Identification of potent: a<il 

hazards to health and safety resulting from food or Llie work 
environment and the development of methods for the Giiminatlon, 
control or reduction of the degree of hazard* 

6* Product quality (Goal 6) “ The development of Le^chnology for 
tlie maintenance of optimum quality and acceptabili ty I'or 
products, including the sensory, nutritive and conveulonco 
factors and the improvement of methodology and 
instrumentation for measuring and assessing quality* 

7* Balance of Payments (Goal 7) - The development and adaptation 
of new and improved technology that will add value to 
commodities for the export market and provide methods for 
expanding the export market. 

8* Support of Regulatory and Action Agencies (Goal 8) Research 
undertaken in direct support of an action or regulatoi'y 
agency* 

9, Basic Research (Goal 9) -- Research undertaken to test now 
hypotheses or theories and to obtain an additional har.a of 
knowledge# 
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In order to assign the research to goals it was necessary to use a 
classification scheme. Information on agricultural research 
projects is maintained in the USDA Current Research Information 
System (CRTS). The Manual of Classification of Agricultural and 
Forestry Research is used by CRIS for classifying research. The 
research "Activity” describes the nature or the type of research 
involved. The "Research Problem Area" (RPA) describes the field of 
the research the projects are identified with. Using the two 
dimensions of Activity X RPA, the research effort for goals 3 
through 7 was obtained through CRIS printouts. Table 6 in the 
Appendix provides the Information on the Activities and RPAs used 
for each goal. The funding, source of funds and scientist-years 
(SY's) were available from the printouts. 

Goals 1 and 2, Energy and Environment, could not be classified by 
the two-dimensional scheme. It was necessary to use keywords and 
select the projects contributing to PUT research as defined under 
these goals. From the projects listed under the kejrwords "energy" 
the selection was made of projects contributing to goal 1. 

Checking under the keywords "processing-waste" and "waste" the 
selection was made for the projects contributing to goal 2. Using 
the accession number for the projects selected, the data on 
funding, source of funds, and scientist-years were obtained. 

The research effort contributing directly to the work of the 
regulatory and action agencies (Goal 8) was obtained by using the 
two-dimensional scheme of the Activity 5800 X the RPAs 501 and 512, 

Tlie amount of research effort classified as basic research (Goal 9) 
was obtained from the Information for each project contained on the 
USDA AD Form 417. The scientists list, in field 32 of this form, 
the percentage of the research that is basic for each project. 

In addition to evaluating the PHT research by the socio-economic 
goals the total program has been analyzed by research activities as 
defined in the USDA Manual of Classification of Agricultural and 
Forestry Research . 

B. Impact of Programs Upon Socio-Economic Goals 

Table 5 shows the total funding and manpower for PHT research. The 
funding includes that appropriated by Congress to USDA and 
administered by CR, contracts and grants from other Federal 
agencies, State legislative appropriations, the industrial grants 
and total non-Federal funds. The non-Federal funds include product 
sales in addition to the State-appropriated and industry grant 
funds. 
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Considerable variation was found in the proportion of the support 
for each socio-economic goal that came from CR administered funds o 
For the environmental goal only 15 percent of the funds came 
through CR, while 38 percent of the funds for the balance of 
payment goal came through CRo The reduction of environmental 
pollution and maintenance of environmental quality has been a major 
concern in most every State for several years » As would be 
expected^ a greater proportion of State funds is supporting the 
efforts to find solutions to the critical environmental problems 
On the other hand the seriousness of the balance of payment problem 
has been of more recent concern to society, and the overall 
solution of the problem is identified more with national efforts 
and policies* 

It will be noted that for every socio-economic goal the funds 
appropriated by the States exceed those appropriated by Congress 
and administered through CR* The fact the States provide the major 
support indicates their willingness to work closely with the 
Federal Government in finding solutions to the societal problems 
related to post-harvest technology* Industry is also making some 
grants to the State institutions for supplemental support of 
research under every goal because of their interest in obtaining 
solutions to the critical problems* 

The research on. the production of agricultural raw materials is 
closely coordinated with the post-harvest technology research at 
the State agricultural experiment stations and land-grant 
institutions* Production of the raw materials is the first-step in 
the system for getting food to the consumer* The ultimate quality, 
nutritive value, wholesomeness and freedom from contaminants starts 
with the raw materials* Some of the major effi^rts in PHT research 
are bridging agriculture production to the consumer needs* 

Over one-half of the total PHT research effort is supporting the 
goal for productivity* This should be expected since consumers are 
demanding new types of products and increased efficiencies to keep 
marketing costs as low as possible* T' second largest program is 
for product quality. Consumers will not purchase products unless 
they have esthetic appeal, meet nutritive requirements and are 
convenient for use. The research directed toward maintenance of 
safety and health is third in the order of support. Only in recent 
times has there been recognition that food, fiber products and the 
working environment can present a number of potential hazards for 
society* 
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Particularly during the past decade the greatest pressures were on 
increasing production to meet world food needs* Recently other 
f ood-reltited problems have evolved that are of major concern to 
society* These include food losses, environment, eneigy and 
balance of payments* By 1976 PHT research scientists had studies 
underway to obtain data and develop Information to help solve these 
problems. There are studies that seek methods for reducing losses 
resulting from spoilage, contamination, physical damage and 
deterioration of quality. Damage to the environment has resulted 
from production and distribution procedures used in some of the 
food industries. In many cases new technology is needed to correct 
the problems. Energy conservation and new sources of energy are a 
necessity for many of the industries* Current studies In foreign 
marketing are looking at methods for expanding demand for U.S. food 
products and commodities. Improvement in the balanct^ of payments 
is dependent upon increasing the demand for products* 

A brief analysis of the situation for each of the socio'^economic 
goals is given in the following materials. In the Tables 6 to 12 
data are presented for each region on the funding and manpower 
support. 
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GOAL lo ENERGY AND RENEWABLE RESOURCES 


Problem and Social Impact 


The "Energy Crisis*' has attracted the attention of the many indus-- 
tries involved in the food chain from production to consumption and 
has led to the recognition that changes must be made* Inadequate 
supplies and the rapid increase in costs for energy have a 
real sense of urgency for new developments « 

Approximately 17 percent of the total United States energy require-* 
ment is used in the food and fiber system* About one-third of this 
energy is required for the food processing industries * Additional 
energy is required for the transportation, storage, wholesaling and 
retailing of products* It is readily apparent that these industries 
are vulnerable to energy shortages* They are genuinely interested in 
new technology for energy conservation* 

Energy costs are a major factor contributing to increasing costs of 
food* It is highly important to develop new technologies that will 
help reduce the energy demands and make for more efficient operations 
in the industries involved with the post-harvest technology. The 
feasibility of using non-traditlonal energy sources as well as 
increased efficiencies with conventional sources must be researched* 

Current Program 

Energy research is not classified as such in the GRIS system* The 
1976 research projects contributing to this goal were identified 
through the list of projects appearing under the keyword "Energy”* 

Table 6 shows that in 1976 the State agricultural experiment stations 
had 8*7 SY’s with an expenditure of approximately $0.75 million on 
energy research in the PHT area. The Northcentral region of the 
country was devoting more effort to energy research than the other 
regions* Except for the Southern region, the States were investing 
more than twice as much funding for PHT energy research as was used 
for this area from Hatch funds. In 1976 the research related 
primarily to seeking methods for reducing energy demands in the 
processing and storage of fruits, vegetables, field crops and food 
products from animal sources. Included in the research underway are 
projects on application of windmills to the cooling and storage of 
apples, the drying of food materials and grains by application of 
solar energy, energy balance determinations in canning plants, the 
conversion of solid waste from grapes and apples to directly 
utilizable heat energy, determination of the energy requirements for 
each unit operation in citrus plants, and the use of the 
ultra-high-temperature sterilization process for milk. 
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Program Needs 


The 1976 research projects from the State agricultural experiment 
stations reflect only the very early response to the "Energy Crisis". 
If Information and data were available on projects begun since 1976, 
it would surely show increasing emphasis on energy-related work. As 
a matter of fact, from the review of proposed project work it is 
known tliat in the PUT area there is work underway on the use of solar 
energy, waste heat recovery from unit operations, equipment 
modifications for energy conservation, determinations of energy 
requirements and balances for all operational steps from time of 
harvest until consumer purchase and the use of new processes to 
reduce refrigerated storage of products. An intensification and 
expansion of this area of work in needed. 


References 
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GOAL 2. ENVIRONMENT 


Problem and Social Impact ; 

Environmental protection efforts are increasingly directed toward 
prevention of adverse health and ecological effects associated with 
specific compounds of natural or human origin which pollute our air, 
soil and water resources, Americans are reacting to the environmental 
problems they see around them and are insisting that we reclaim the 
purity of our environment and protect it from further degradation. 

Industries involved in the assembling, processing, storage, 
transportation and distribution of foods Impact upon the environment in 
many ways. The disposal of waste materials, both organic and 
inorganic, is a difficult problem but disposal must be achieved with 
adequate protection of the environment. The Federal Water Pollution 
Control Act Amendments of 1972 stipulate that ’"It is the National goal 
that the discharge of pollutants into the navigable waters be 
eliminated by 1985/’ In order to achieve this goal greater efforts and 
resources will have to be committed for research and development. 
Operations at food processing plants can cause atmospheric pollution 
due to release of volatile materials which cause offensive odors and 
the inclusion of particulate materials with the discharge of steam. 
Noises from the operation of equipment must not exceed the levels that 
will be harmful to employees or the public. 

All the complex questions of locating future industrial plants, 
providing the products demanded by the public at reasonable costs and 
planning for economic growth are coming into focus. Environmental 
protection is essential to maintaining our quality of life. It will 
demand attention throughout the next decade. Public confidence must be 
maintained in the industry operations that are so essential for getting 
the raw materials from the agricultural production sector to the 
consumers. 

Current Program 

The environmental research projects contributing to PHT were identified 
by the key words "processing wastes" and "wastes”. Table 7 shows that 
14,0 SY*s and $1,281,935 were contributed to the solution of PHT- 
related environmental problems in 1976, The Northeast region devoted a 
greater effort to this area of research than the other regions. The 
States expended almost four times as much funding on the support of the 
environmental research as came from Cooperative Research-'admlnistered 
funds. 
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Pi'evious and current research Imf; focvisccl upon characterj zal; Lon of the 
nature and scope of the environmental problems. Since the majority of 
PHT environmental problems center around disposal and handling oL 
agricultural processing v/astes, much qualitatJvo and quant I tative 
information has been dijvelopcd relative to specific crops or 
commodities and conditions of operations. Attention has been given Lo 
separation of solid washes, to design and evaluation of control 
measures, to reduction of water usage and Lo water reuse, to by-product 
recovery, and to waste treatment tectniology. Iia>:yi)iatic trcatiiUMits iind 
microbial conversion of wastes were studied. 

Program Needs 


A deteriorating environment and an aroused public dictate continuing 
research aimed at protecting and improving the environment. Additional 
research is needed to provide the technology that will allow safe water 
reuse and to clean up waste waters discharged to the environment. 
Feasible, economic recovery processes for waste reduction and 
by-product use must be developed, including markets for recovered 
materials. The concept of "total" use must be extended and the systems 
approach to control must be exploited. Waste-handling methods must be 
improved if we are to manage solid wastes effectively. Waste-treatment 
technology requires further study both with regard to devising 
biological processes for degrading and to overal 1 safety. In-plant 
pollution control measures that reduce operating costs must be sought. 
Health and safety will be growing concerns. A satisfactory metliod of 
handling and disposing of packaging materials must be deveioped. 

Air pollution must be controlled. Noise abatement measures need 
further development. Disposal of solid wastes on land raises 
challenging questions with regard to chemical residues and potentially 
liarmful heavy metal contamination. 

Reference s 


Federal Water Control Act of 1972. 
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GOAL 3. PRODUCTIVITY 


Problem and Social Impact: 

In 1970, American consumers purchased $285 billion of food and fiber 
products and export markets took another $23 billion worth of products. 
Ideally the agricultural marketing system functions to move farm 
commodities to consumers in the desired form and condition at the 
lowest possible cost. 

Constraints on the use of our natural resources require that the 
marketing system be modified in the direction of conservation and 
efficiency. In order to provide consumers with an adequate and 
nutritious supply of food in the future, much depends on our ability to 
develop the needed technological Information to sustain improvements in 
productivity, the development of desirable Innovations and to keep the 
marketing system operating at maximum efficiency. Attention to the 
component parts of the food marketing bill reveals the need for 
additional research in the PHT area. New and improved methods of 
processing, storage, and distributing food and other agricultural 
products must be investigated, including determination of both 
technical and economic feasibility. 

Current Program 

For a number of years a priority goal in the United States has been to 
seek Improved productivity. The major effort in PHT research has been 
to improve the efficiency of processing and distributing food and fiber 
products and to develop products that would be demanded in new or 
expanded markets. In 1976 over one-half of the funding and manpower in 
PHT research was devoted to the goal of increased productivity. Table 
8 shows that the resources assigned included $30.8 million and about 
468 SY's. Technological advances or innovations have accounted for 
substantial reductions in costs of marketing. These have been and 
undoubtedly will continue to be the major force of change in the 
marketing sector. Thus, the primary objectives sought in PHT 
productivity research are those related to: (1) increased industry and 
employment growth resulting from the development of new technology; 

(2) Increased efficiency in the market system by improving the methods 
used in processing, marketing and distribution; (3) the maintenance and 
Improvement of competition; (4) reduction of costs for post-harvest 
marketing and distribution; and, (5) improved efficiency for small 
farmers, processors and distributors. 


« 
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Pro gi' am N e e 

There is a continuing need to Improve productivity In tho market 
systenip Technological innovations for energy conservation, 
environmental improvement and safety can render current processes 
obsolete^ Development of new and improved products ami processes 
requires continuing effort* New and economical means are needed to 
convert our renewable agricultural resources, Including by-prodiu’ t s 
and residues, into useful materia] s« There is a continuing need to add 
to the fundamental knowledge about the marketing system and the 
products marketed. In the long term, new knowledge will be the basis 
for future advances* 

Improvements in marketing system, including physical efricicacy, por- 
formance, structure, operation and supply, demand and price fuiicLLons, 
will require additional research. Improving productivity In the 
poGt-harvGst technology area is closely interrelated with other 
socio-economic goals such as energy and resource conservation, 
protection of the environment, quality, safety and reduction of losses 
Properly researched and exploited, these discoveries should help to 
assure a sufficient supply of high quality, reasonably priced 
agricultural products to meet domestic needs and to capture a fair 
share of growth in export markets. 
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GOAL 4. REDUCTION OF LOSSES 


Problem and Social Impact ; 

Wasted food is a wasted resource. The production of food alone doen 
not solve the food problem. Food must be preserved in an acceptable, 
edible, and nutritionally adequate condition throughout production, 
processing and distribution and until consumed by those who need It, 
Many of the foods required for proper nutrition, such as fruits, 
vegetables, meat, fish, poultry and dairy products, are perishable and 
may undergo heavy losses unless given proper protection. Increased 
quantities of grains are being stpred both on the farm and in 
commercial storage. Grain quality, in many instances, is deteriorating 
and storages are becoming infested with insects. Millers are concerned 
about insects and insect particles in food grains. Foreign buyers 
complain about large numbers of Insects and extraneous materials found 
in shipments of wheat and other seeds used as food. 


Food and crop losses occur at every level from production to 
consumption and are estimated at 20 to 30 percent of the food and feed 
produced in the United States. Losses are incurred through reduction 
in quality or in quantity, and are mediated by biochemical, microbial, 
mechanical and physical changes as well as by Insects and other pests. 
Losses occur throughout the system. There are a number of widely 
diverse cause and effect relationships which are commodity-specific. 
Losses occurring late in the marketing system include not only the cost 
of production but all the costs of production inputs plus the cost of 
harvesting, storage, packaging, handling and distribution incurred to 
the point of loss. The objective of this research is to reduce food 
and crop losses and improve efficiency in harvest storage, assembly, 
processing, transportation and distribution of foods and feeds. 


ll reduced a number of significant benefits would 

of the energy required for the production and marketing 

of the lost food would not be wasted; (2) the supply of food would be 

Jos^r^fL^eL'T^'^ requirement, with additional 

, for excess production; and <3) environmental pollution would be 


U -consumption 

XS rose annually. This amounts to an estimated 137 tons valued at 431 

feed mill Perishable food lost between farm and the consumer woSd 

post-harvest los serin dav^ T '"® °PP°ttunitles for reducing 
Lge up t: 



33 


Current Program 


Research seeks to reduce post-harvest losses by developing and applying 
improved post-harvest technology. Table 9 reveals $1,379,399 and 18,0 
SY's are devoted to the search for ways to reduce losses. Researchers 
seek to find out where the losses occur, the cause(s) of the losses, 
the magnitude of the losses, and how to eliminate or reduce them. 
Aspects under study include; physiological causes, microbiological 
contamination and growth, physical and mechanical losses, insects, 
rodents, birds, spoilage, disease and product damage. The development 
of Integrated pest management systems for stored products are of major 
importance. 

Program Needs 


It has been estimated that the losses of food materials could be 
reduced by 30 to 50 percent through development of new technology and 
procedures. For the United States, the result would be a 10 to 15 
percent Increase in the food supply without bringing new land into 
production. On a worldwide basis, the FAO also estimates if one-half 
of the world's food losses were prevented, enough calories could be 
saved to sustain a half-billion people. 

Through surveys, the identity, characteristics and quantity of the 
major losses in materials which occur In the pipeline should be 
determined and the significant area of quick payoff identified. 

Research aimed at developing methods for prevention and control of 
losses during raw material handling, pre-processing and storage, final 
processing, distribution and preparation for final use should be 
expanded. An understanding of the biological and other mechanisms of 
change is needed before ways for prevention and control can be 
successfully developed. 

Special attention should be given to upgrading and more fully using 
wastes for food and other purposes. Numerous by-products or "wastes" 
may be upgraded to food or a higher use category. There is a critical 
need for methods that may be used to extract and concentrate very 
dilute solutions. Research efforts should be directed to the 
application of the "total utilization" concept with regard to use of 
materials. 

Study of the mechanisms Involved in food deterioration and the response 
of food materials to stress during post-harvest or post-mortem handling 
Is needed. This work is needed to determine the technical feasibility 
and economic advantages of pre-processing and storage of food materials 
In bulk for periods up to 6 months as a means of interim holding 
between harvest and processing. Current processing lines are products 
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.r 1 , waLej and raw materially v\^ere less scai'oe 

!r' i .a Li'o total system will IrequeiU ly j)ay offo 
. }. o.iU Me[j or operation shouJcl be examXuecl wflli a view 

■ « ? I technology. 

■w i^aotluct oi material are the more subtle 
"M in' quality aad the concurrent loss In autiJtioual 

'j)-. mf^^blues should be taken to protect iincl k€Hq> Lht» 

' Mih high <iualiLy until it reaches the confuiiiuii « 
r c. ,ii"l pri>[>dr handling of materials in transit are 
' i -'/linin' dj strilniLion Josses. There are iimiiy prol)LcMiifj 
’ Ml i.^nuLKai of Losses in storage since improper 

I'l'Di !iura;'(^ condiLloiis cause deterioration and ]o«s of 


, -ill (ii.portimity to Improve Resouircns Use. Report to 

' -■ ' '.'i i.'ji! I'l.iipti-oilei General of the United States Clil)-/?-! If] 

"i' ’ -'I' I' 1 >j , j 9''7, 


1 ''1 • i-.llii'; .j!' t'aLiOildl 

" .J'! idaliu. M. 
"■ i.i 


Food Loss Conference. 
V. Zaehringer and John 


September 

0. Early, Unavcirslty 


'.w'hf'i ^onsQmei ‘3 VIII Study Team 6, World Food and 
'“I'C-.y.. Mau.-, ~ .nipporting Papers NAS, 1977 . 

Research In ABrJculturo 
ttaut 1. STP 78-22533 Cornell University, Ithaca, 

Research to meet U,S. and World Food 
-> Wo iking Conference July 1975, 

'1975^ Nutrition Study; Section V, NAS. 

-v 1-..,'- - ii.-'/Uiir 1 D^ivelopment 
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GOAL 5 HEALTH and SAFETY 


Problem ar^ Social Impact: 


AcLuarial sLadstics show there has been a steady Increase of life 
expectancy. Until recent years, diseases were the common cause of 
death, often at an early age. Today most of the bacterial diseases are 
under control and we know that the classical deficiency diseases - such 
as pellagra, scurvy, protein deficiency, etc. can be prevented 
relatively easily. With the near elimination of most diseases we have 
become concerned about other safety factors that were not even 
identified a few years ago. 

The foodborne diseases (including botulism), the gastrointestinal 
infections such as Salmonella, and the toxins produced by molds are 
potential hazards associated with the food supply. Environmental 
contaminants such as toxic metals (mercury, lead, cadmium) and various 
industrial chemicals (e.g. polychlorinated biphenyls) can be definite 
hazards if they get into the food supply, A number of the commonly 
used foods contain natural toxins and require special preparation for 
safe use. The tolerance level for pesticide residues must be under 
constant surveillance for the use of products. The safety of a number 
of food ingredients is an area of continuing concern. 

Safe working conditions must be maintained in the Industrial plants 
handling food and fiber products. Protection must be provided against 
high levels of contamination of the atmosphere by airborne diseases and 
dust. Noises in the industrial plants must be kept at a safe level and 
equipment must be operated with maximum protection against iniury of 


Current Program ; 

assigned for PHT research 

goa?r th?s w!f S ^ ^ Tl socio-economic 

their PHT reLar^^ ^rorram!'^ considerable emphasis on this goal in 

residues in^aerlcultural ^ locations: pesticide 

pesticlL L commodities; degradation of agricultural 

the toxicoloEv and ha^ard^^f reducing pesticide residues in foods; 
toxicological assessmeni- nf animals of drugs and chemicals; 

metabolites in food; fate of "nltrate^a^d*^'^Ii alkaloids; fungal toxic 
transmission of vlrusef thrl^^J S'a a processed meats; 
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Program Needs 


The future safety of the food we eat, the clothing we wear and the 
environment in which we live will be dependent to a large extent upon a 
continuing and high quality PUT research program* The Communicable 
Disease Center is continually documenting cases of llJness caused by 
foodborne organisms- Some of these illnesses are resulting from 
processing and handling practices that are not adequate for microbial 
control. Under consideration is the elimLnation of the use of nitrite 
for some cured and processed meat products. There is a great question 
as to whether botulism will be controlled in some processed meat 
products without the use of nitrite. With the emphasis on energy 
conservation, changes in the time/tempera ture reiatlonships are taking 
place in the processing of products and refrigerated storage. The 
possibilities for cross contamination of food products by foodborne 
organisms, toxic substances and chemicals can become an increasingly 
serious problem as the handling of more materials and operations take 
place within relatively limited areas. Only recently have we begun to 
realize the extent mycotoxins are present in the environment and the 
toxins that can be present in foods. New viruses are being identified 
that can be transmitted through foods. These and many other problems 
remain to be solved as efforts continue to provide the safest possible 
food supply. 

References 
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GOAL 6. PRODUCT QUALITY 


Problem and Social Impact ; 

There Is no purpose in extolling the merits of any agricultural 
products unless they are acceptable to consumers. A food can have 
excellent nutrient content but unless it is consumed no human 
nutrltJona] needs are met. Food quality is the most Important 
consideration for the acceptance and utilization of any food. 

The primary factors which define food quality are consumer appeal, 
safety and nutritional value. In addition to sensory properties, 
consumer appeal includes convenience and price. 

Current Program ; 

In view of the fact product quality is the key to having foods accepted 
or rejected, it is understandable that this is the socio-economic goal 
receiving the second largest amount of research effort. In 1976 
product quality research was supported in the amount of $13,925,800 and 
178.4 SY's (Table 11). This amounted to 21 percent of the manpower and 
24 percent of the funding assigned for the PHT research (Table 5). 
Seventy percent of the research was on activity for the identification, 
measurement and maintenance of quality. Much of this effort related to 
the maintenance of quality in the marketing of fruits, vegetables and 
animal products. The improvement of grades and standards for crops and 
animal products was another major input. 

Program Needs 

During this century there has been a steady increase in the 
preservation of foods through use of heat processing, refrigeration, 
freezing, dehydration and chemical preservations. This has brought 
about dramatic changes in the marketing of foods; particularly 
noticeable are the shifts since the 1950's, The convenience foods have 
taken over an increasing share of the market, relieving families of the 
long hours required for food preparation in the home. But with these 
changes are arising the numerous questions about dietary selection and 
health. 

The need for a rather detailed and complete nutrient data bank for all 
types of foods is a high priority. Research is needed to develop 
Improved methodology for the determination of nutrients, the 
availability of nutrients in food systems and the relationship of 
physical and chemical measurements with sensory responses. The 
identity of compounds that enter into the development of flavor, often 
undesirable flavors, needs to be known. Continued attention must be 
given to quality attributes and quality assurance. 
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Many foods are being fortified or modified with additions of vitamins, 
minerals, fiber, color and other components. The influence of these on 
the overall quality, acceptance and need for improving nutritional 
properties should be better understood. 

References : 

Food Quality: Effects of Production Practices and Processing d 
Publication No. 77 American Association for the Advancement of Science. 
Washington, D.C., 1965. 

World Food and Nutrition Study Vol III. National Academy of Sciences, 
Washington, D.C., 1977. 



GOAL 7o BALANCli OF PAYMENT!) 


Pr oblei ii and Soc3 al : 

Today > \\>Go a; 4 ricuiLutai pioduction is so Large and reliable that we 
a Co able to feed ourselvGxS and a large portion of the rest of the 
WO) Ido Hov;ever, more use could be made of agriculturail product sales 
to lioip the balance of trade deficitf3o Agricultural exports have 
ti:ipan({ed greatly in recent years » Exports reached $23 billion in 1976, 
up more tiian iourfold since the early 1960^So In 1977, the United 
States exported about 54 percent of its V7heat crop, about one half of 
the soybeans, about one*-fourth of the corn, and some 40 percent of the 
cotton crop. Since agricultural exports exceeded imports by $10.6 
billion in 1977, this surplus helped to offset the $20 billion trade 
deficit in the non-farm sector. It is estimated that each dollar of 
agricultural exports stimulates an additional 96 cents of output in the 
U.S. economy, or a multiplier effect of almost 2. 

Obviously, agricultural exports make a substantial contribution to the 
economic health and stability of the United States. Maintenance of the 
commanding i\merican position aniong world food exporters plays a key 
role in the U.S. balance of payments. Further expansion of the export 
market for food is desirable in order to develop more favorable U.S. 
balance of payments. Research in post-harvest technology plays a vital 
part in maintaining and enlarging the export market. A more 
intensified PUT research program directed to the product attributes 
sought in the foreign markets could probably reflect favorably on the 
export trade. 


Current Program 

Table 12 provides insight into the nature of PUT research most directly 
applicable to Improvements in the balance of payments position. 

Slightly over §1 million and almost 16 SY's are devoted to research in. 
tiis area. The major part of this research was carried on in the 
Northcentral and Western regions. The research has been directed to 
improved methods for the development of foreign markets. Technical 
assistance to developing countries is augmented by work designed to 
Iscover means for improving the economic and physical efficiency of 
foreign markets. Attention is given to devising ways to more nearly 



Program Needs ; 


TechiiologicaH Innovation is reported to have been responsible for 45 
percent of the Nation’s economic growth from 1929 to 1967. It remains 
the key to our ability to compete in world trade > since a $20 billion 
trade deficit is not so much the result of the oil bill as It Is our 
Inability to pay for it with exports. 

Research is needed to assure that processing methods and distribution 
systems deliver to the foreign customer products that are safe, of high 
quality and meet the specifications or customs of the importer. For 
example, durum wheat or wheat products exported to Italy must meet the 
specifications desired for Italian pasta products. Exported plant 
protein food products must meet the requirements with regard to 
functionality and nutritive value. More work aimed at devising 
products and processes that insure acceptance of U.S. commodities and 
products by foreign consumers is necessary. 

Innovations designed to increase the nutritive value and quality of 
exported food products must be developed. Rather than exporting raw 
agricultural commodities, developments in technology should be used to 
add value and create new markets. 

Post-harvest technology research can help to insure that the U.S, will 
be a reliable world food supplier. It can help capture a larger share 
of the growing export markets by assuring high quality salable products 
and an increasingly efficient marketing and distribution systems. An 
improved balance of payments position requires: (1) expansion of 
exports, (2) export of higher value commodities, (3) reduced dependence 
on imports, and (4) available technology to maintain product quality 
and to meet and expand export demand. 

Post-harvest technology research should result in expanded markets and 
additional dollar returns to farmers, processors and suppliers. The 
inherent quality of agricultural products marketed should be enhanced, 
be better protected in the channels of trade, and thus, be more 
acceptable to foreign consumers. The overall effect should be improved 
balance of payments for the U.S. In international trade. 
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GOAL 8. SUPPORT OF REGULATORY AND ACTION AGENCIES 


Problem and Social Impact ; 

There are a number of Federal, State and local government agencies 
responsible for carrying out regulatory aspects of the food industry as 
provided for under legislative actions. The consumers expect the 
products they purchase to be safe, wholesome, properly labeled and 
truthfully advertised. 

Grades and standards are established for many food products. Grades 
and standards describe the characteristics of a product so that 
producers, processors, wholesalers, retailers and consumers can gage 
product utility and assess its value for intended use. Grades and 
standards facilitate buying and selling on the basis of product 
description without inspection. The usefulness of market information, 
important in the establishment of a fair price, is often dependent upon 
an adequate description and measurement for grades and standards. 

Grades and standards promote honesty and fair dealing in the interest 
of consumers. 

Regulatory or action agencies rely on proper product specifications, 
standards or definitions in carrying out their functions. Minimum 
quality characteristics, esthetic factors, truthful labeling, 
wholesomeness and health and safety considerations may be involved. 
Frequently, regulatory agencies need help in establishing 
specifications, quality criteria or safety. Research can supply the 
extensive technical data needed to establish specifications, develop 
new methodology or assist in matters involving toxicity, safety and 
wholesomeness and in establishing definitions of quality and the 
methods for measuring quality. 

Current Program 

For the 1976 research program, 22.1 SYs and $1,737,383 dollars were 
directed to grades and standards research which was useful in 
regulatory applications, in marketing and in quality control (Table 
13). The Southern and Western regions were devoting more efforts than 
the other regions that were contributing directly to the work of 
regulatory agencies. 

Effort was devoted to determining the chemical, physical, 
microbiological and organoleptic properties of agricultural products 
and commodities. Regulatory agencies, such as the State department of 
agriculture laboratories, apply these findings in the testing, 
analyses, and analytical services performed in carrying out their 
functions. 
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Other research in this area is aimed at developing methods and 
improvements in methodology, including techniques for monitoring 
product quality* hasic knowledge regarding product attributes is 
developed as needed* 

Researchers provided assistance with toxicological problems such as 
detection of potential toxicants, assessment of the toxicants as 
carcinogens and other safety considerations* 

Program Need s : 

Grades and standards need continuous review and updating to remain 
current with technological advances and to properly characterize new 
product Introductions. By the same token, regulatory agencies need a 
constant infusion of the latest scientific developments if they are to 
properly serve society. As marketing and distribution systems expand 
and international trade becomes more extensive, the need for reliable 
grades and standards to facilitate trading increases. 

Research work on methods for identifying and measuring quality 
characteristics must continue. Basic research on the quality 
attributes of fruits and vegetables, cereal grains, animal products, 
forest products and other field crops as well as on numerous consumer- 
ready products is needed. Objective methods are needed to replace 
subjective methods. Automated methods are needed to permit continuous 
quality control or monitoring efforts. More use could be made of 
physical and chemical properties if properly related to quality and 
consumer satisfaction. 

Additional work on interrelationships is needed for development of 
quantifiable bases for grading, labeling, processing and pricing 
according to end use. Basic research is needed to provide a reservoir 
of knowledge on which continued development of technology rests. 
Applied research, that puts together basic knowledge and practical 
application, will always have a significant role. 

References 


World Food and Nutrition Study - The Potential Contributions of 
Research, The National Research Council, National Academy of Science, 
1977. 

The World Food Situation and Prospects to 1985, ERS, USDA Foreign 
Agricultural Economic Report No. 98, 1974. 

Food Standards Facts For Consumers, USDHEW Food and Drug 
Administration Publication, Revised 1964# 

Regulation, R, J. Anderson, USDA Yearbook 1966, pp. 364. 



GOAL BASIC RESFilARCH 


Problem ami Social Impac t 


There are many problems faced in posl-^harvest technology for which 
there is an inadequate base of fundamental Information for seeking 
immediate answers* Therefore, it is necessary to have a basic research 
program as v/ell as an applied or deveJ opmeiital research effort* In 
CRIS basic research is idenlified as ’’research with the primary goal of 
gaining knowledge or understanding of a subject/’ 

Frequently a part of the effort on a research project is devoted to 
basic research* The basic research under the project is often that 
part of the research effort to obtain fundamental information to answer 
questions on the phenomena that are observed in the applied phases of 
the study* Other research projects are devoted entirely to a basic 
problem for the purpose of gaining new knowledge which will be useful 
in advancing post-harvest technology. 

Current Program 

For the 1976 research projects classified In the post-harvest 
technology area, 32 percent of the scientific manpower and 32 percent 
of the funding was assigned to basic research (Table 14). 

Table 15 shows the percentage of the basic research by activity 
classification* 'Phe largest percentage of the basic research was In 
the activity on chemical and physical properties of food products. 

Since a fundamental knowledge of the functiona] properties of foods anc 
food Ingredients in developing new post-harvest technology is so 
essential, it is understandable that basic research on chemical and 
physical properties is receiving the most attention. 

Program Needs 


In order for the food industries with inputs to the post-harvest 
technology segment of the food chain to make new achievements of 
benefit to society, they will need a steadily enlarging library of 
fundamental knowledge. Additional basic data are needed on the 
properties of food and food ingredients that relate to nutritive value, 
flavor, color, sweetness, texture, aroma, toxicity, and other physical 
and chemical properties. More basic knowledge is required with respect 
to microbial infestations and the development and control of the 
organisms within food supplies. Basic information is needed with 
respect to the storage, transportation and handling of foods in order 
to provide better protection against food quality deterioration and 
losses. Relatively soon additional data must be obtained relating to 
the conservation of energy in the operation of the many types of 



processes involved with the food chainti Data must be obtained on the 
use of new energy sources (e*g. solar) and/or the combinations of 
energy sources for the processing, storage, handling and transportation 
of foods and food ingredients • Industries that have Inputs through the 
post'-harvest technology segments of the food chain have difficulties 
meeting required environmental standards p There is Inadequate 
fundamental knowledge on the biological, chemical and physical factors 
involved in the application of technology to the maintenance of the 
environment (water, air, soil, etcO- 



Thu posL~hcirves t Luchnology research has been aiiaLy'-^.ed by 1/ 
broadly defined research activities as well as by tlie nuvoii 
soc LO“ etninomic goals,. The research acLivLtles and the funds and 
[iia)ipov;er assignment in 1^)76 are shown in Table ICn 

The research activities arc taken from the USDA Manua l oi 
Cl assification of Agricultural and Forestr y Researc h „ 1'he P I IT 
research program is well di5iLributed within tlie 17 activities* 

The four categories of research receiving the greatej^t effort in 
1976 were identified v;ith the following activities: (1) 
identification j measurement and maintenance of quality; (2) 
chemical and physical properties of food products; (3) developing 
new and improved food products and processes; and (4) linproviaig 
economic and pliysicaJ efficiency in marketing including anaJysis of 
market structure and functions. 

Ily combining the eight activities identified with ‘'protection" 
approximately 20 percent of the research effort is encompassed In 
this area. This includes programs that are identified with 
environment 5 product losses, and safety. 

If the activities on economic analysis and market development are 
combined, this encompasses approximately 20 percent of the 
lesearchc This Indicates thcit in 1976 there was a strong and 
active program related to the broad field of the economics of 
marketing. The 20 percent marketing requirement applied to Hatch 
funds has encouraged development of strong programs in marketing 
technology and marketing economics. 



Tabic if), lV)bL‘-Uaivci>t Tcclinolojiiy Re^,e<uch by Act ivl Lies 
Funds and Manpouci AfiBijjmnenLa , 19 "' 





FumUng ($1000') 


Pti leant 

0£ TOl ril 
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Improving economic and pltyslcal 
eftlciency in marketing Including 
analysis of market structure and 
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6000 

Analysis of supply, demand and price, 
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Survey of Researcli Directors 


The Food and Agriculture Act of 1977 (Public Law 95-113, 95th Congress, 
September 29, 1977) designates the Department of Agriculture as the 
lead agency of the Federal Government for agricultural research in the 
food and agricultural sciences, “The term "food and agricultural 
sciences" means sciences relating to food and agriculture in its 
broadest sense — including the social, economic and political 
considerations of... B) the processing, distributing, marketing and 
utilization of food and agricultural products." The act further states 
that the Secretary of Agriculture, in carrying out the Secretary’s 
responsibilities, shall. .,"(3) coordinate all agricultural research 
activity conducted or financed by the Department of Agriculture - and 
(4) take the Initiative in establishing coordination of State-Federal 
cooperative agricultural research, extension, and teaching programs 
funded in whole or in part by the Department of Agriculture in each 
State, through the administrative heads of land-grant colleges and 
universities and the State directors of agricultural experiment 
stations and cooperative extension services, and other appropriate 
program administrators." 

Under the Hatch Act, similar responsibilities were assigned to the 
Secretary of Agriculture. These were in turn delegated to the 
Cooperative State Research Service (predecessor agency of Cooperative 
Research in SEA). At present Cooperative Research is the unit within 
SEA charged with representing the Secretary in administering the 
Federal-grant funds appropriated by the Congress for support of 
agricultural research at the State agricultural experiment stations and 
other client institutions. 

Traditionally, research at the State agricultural experiment stations, 
supported with Hatch funds and related State funds, is under the 
leadership and administration of the respective State station 
Directors. The Director is responsible to the head of his institution 
and to its governing body. The station Director is not a Federal 
employee. 

In administering Federal-grant funds. Cooperative Research, 
representing the Secretary of Agriculture, deals with the station 
Director as chief executive officer of his station. The Director is 
responsible for the research supported; for initiating and guiding the 
station's research program; for selecting and maintaining a competent 
staff; for maintaining conditions, relationships, facilities and an 
environment favorable to productive research; and for rendering account 
and giving satisfactory proof of performance. Since the Directors play 
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such a key roie in research management and program development, it was 
deemed desirable to obtain their viexr/s regarding the scope and 
importance of PHT research and their assessment of the appropriate role 
for industry and university researcho A discussion of the results of 
this survey follows o 

All Directors were contacted by letter for their assessment of 
Post-Harvest Technology Research. Forty-eight of the 56 Directors, or 
their designated representatives, responded to the request that was 
sent to them. Six questions were addressed to the Directors. 

Following is a statement of each question and a summary of the 
responses received. 

I. At your Experiment Station, V7hat Is the scope of or the projects 
included under PHT research? 

There is a range of from a low of one project at Nevada to 57 at 
California. Most of the states list an extensive program in PHT 
research. The projects cover a wide range of problem areas including 
processing, quality evaluations, safety, nutrient retention and 
improvements, energy conservation, pollution control, transportation, 
storage, economic studies, export markets, etc. 

II. At your Experiment Station, to which of your goals does PHT 
research contribute? 

At most of the Experiment Stations the programs were included in one or 
more of the following goals: 

a. Improvement in the efficiency of the marketing system. 

b. Protection of consumer health. 

c. Improvement of the nutritional well-being of consumers. 

d. Finding new and additional uses for commodities, including 
foreign markets. 

e. Development of new and improved products and processes* 

f. Improvement of food quality. 

g. Improvements in food safety. 

h. Development of energy conserving technology# 

i. Improved methods for pollution abatement. 

j. Development of methods for reducing post-harvest losses# 
k# Providing adequate food supply at lowest cost possible. 

Ill# In your state, who are the primary beneficiaries of PHT research? 

The majority of the Directors identified the consumer as the main 
beneficiary# Also, the farmers, processors and other agri-business 
organizations were identified as primary beneficiaries. 



Cotisumers .ue Lhti major beneficiaries in terms of improved product 
qualiLy, adequacy of lood supply, Increased safety, improved nutritive 
value of products and cost reductions achieved through more effective 
marketing and processing systems « 

[Processors and other agri-business firms are beneficiaries through 
reduct LOU of losses in procesvsing, better quality control and reduced 
costs through adoption of nev; or improved technology. 

IV. What are cost/ benefit relationships of PHT research? 

Most of the Directors indicated it was not possible to provide a true 
or meaningful cost/benefit evaluation. However, most provided examples 
of important developments that have taken place as a result of PHT 
research. below are presented five of these examples. Additional 
excimpies can be found in the appendix. 

^ • I mpro v ement of the quality of cottage cheese 

In the early 1960 's cottage cheese quality was quite poor in the 
marketing channel in Tennessee. As a result sales were also quite 
low. A PUT research project involving intensive examination both 
iiiicrobxologica lly and organoleptically of samples collected from 
dairy plants in the market channel implicated several causes. 
Research on these causes resulted in several improved practices 
whlcii were carried to Individual plants by extension personnel. 

The application of these practices has resulted in a definite 
improvement in quality of cottage cheese sold in this State. This 
improvement was demonstrated by recent survey of cottage cheese 
quality in which all samples were of acceptable quality after 10 
days storage compared with 5 percent unacceptable as fresh samples 
and 5U percent unacceptable after 10 days of storage in a similar 
survey taken before the research was started. 

bo Extending the storage life of apples 

Controlled atmosphere (CA) apple storages make it possible to keep 
many apple cultivars in good salable condition for 9 months 
following harvest rather than 6 months where only low temperature 
storage is provided, according to researchers at the Massachusetts 
agricultural experiment station. This method of storage was not 
coimnerciaily available In New England until 1952 when a 
Massachusetts grower was shown that use of this method of storage 
had great potential possibilities for improving the quality and 
length of marketability of the principal cultivars. CA storage 
capacity in Massachusetts has grown from 5,000 bushels in 1952 to 
about 900,000 bushels in i977-“78. 
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Co N e products deveio pud Irom turkey 

in J972 Utahns turkey industry was selling 85 percent of its 
produclioa as whole birds and onJ y 15 percent as further processed 
inuato Utah State University was asked to solve a number of 
techujcal problems associated with the production of turkey ham, 
turkt^y frankfurters and turkey bologna. As a result of this work 
farmer cooperative processing plants in Utah now use 40 percent of 
their production for further processed products with an evStimated 
increase in income to Utah ol $1,200,000, This has also resulted 
in the avaliabliity of low“fat ham, bologna and sausages that were 
previously unavailable to consumers. This project alone 
contrlbuLus benefits in excess of six times the annual cosL of 
po^st“'•harvest technology research in Food Science at Utah State 
University. 

^ * khiergy conservation by utilizjng residues of wood 

Wood residues can replace oil as a fuel In maple syrup evaporators, 
according to Univorsity of Vermont researchers. Sources, handling, 
and transportation were investigated in addition to combustion 
cliaracteristicsc Pelletizing woodchips or bark provided a drier, 
more easily handled product while decreasing bulk about 50 percent. 
Use of such fuels can decrease fuel costs significantly in maple 
syrup production. Other possible uses are in space heating and 
drying of agricultural products. Conversion costs to the use of 
these fuels can be minimal. 

^ baler handles and transports fleeces more efficiently 

A baler has been developed for wool fleeces which will rapidly and 
efficiently compress the wool to a greater density than possible 
with wool sacks. This increases the poundage which can be hauled 
Ln trains, cars or trucks and reduces the resulting freight cost 
drastically. The industry likes these bales which can be handled 
more readily In wool warehouses by materials handling equipment. 

The prototype of this baler has been evaluated and accepted by wool 
growers and wool pools In several places in Montana. 

V* If your Station dropped most or all of its PHT Research would 
industry or other private organizations meet the continuing 
needs for this type of research? 
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The responses were unanimous wiLh the viewpoint that industry or 
other private organizations would not carry on the needed PUT 
research. Only the very practical or "trouble shooting” research 
would receive significant funding and this would be only for the 
very large industries or trade organizations. Industries vjlth 
research support are committed to defensive research and that 
which will result in quick profits. They would undertake very 
little basic research. Knowledge gained would be closely guarded 
tor competitive advantage. 

The majority of the companies In the food and kindred products 
businesses are small with less than 20 employees. Such firms 
cannot support meaningful research programs. 

If the support for PHT research were not continued through the 
State agricultural experiment stations , there xvould not be 
locations for the basic training of the future scientists needed 
by industry. Graduate students are active participants on many of 
the experiment station research projects. 

VI. Do you feel it is desirable to have a continuing joint effort 
by the Federal government, universities and private itidustry 
to meet the needs for PHT research? 

Again, the Directors' responses were unanimous that 
a joint effort is essential. The State experiment stations and 
the universities work on the more basic problems for the 
development of knowledge for the agriculture and food systems; the 
Federal Government has a national focus on the problems; and 
private industry will deal with the problems for defense of their 
operations and will develop only those innovations for which they 
can realize the benefits. A study of the food marketing in other 
developed countries will be convincing of the strengths and 
advantages of a diversified PHT research effort. The United 
States is clearly the leader in post-harvest technology. 

Many of the university scientific disciplines and research groups 
frequently meet with special advisory committees including 
representation from various government agencies and the food 
industries in their state. The universities have continuing 
contacts and working relationships with government and industry 
through educational conferences, contacts by extension specialists 
and other faculty members, and visits to the laboratories. 

The administrators and the scientists at the State agricultural 
experiment stations have found it extremely valuable to maintain 
several communication routes for themselves with Industry and 
government groups. Through this means many of the needs can be 
met without overlap or duplication of efforts. 
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SUMMARY 


This report presents the findings of an Office of Management and Budget 
(0MB) requested study of the post-harvest technology (PHT) research, in 
the United States, supported with funds administered in whole or in 
part by Science and Education Administration-Cooperative Research 
(SEA/CR) of the U. S. Department of Agriculture. Post-harvest 
technology research is defined as those studies related to the 
assembly, processing, packaging, warehousing, storage, transportation 
and distribution of agricultural products which support the food and 
fiber marketing system. 

A total of $59.1 million and 831.5 scientists years (SYs) were devoted 
to PHT research in FY 1976. The funds came from these sources; 31 
percent from CR-administered funds; 8 percent from other Federal 
sources; 50 percent from State funds; 6 percent from industry grants; 
and 5 percent from other sources. The data for funds and manpower 
distribution are also presented by the geographical regions. 

A Current Research Information System (CRIS) printout of the program 
supported by FY 1976 funds was used to describe the post-harvest 
technology universe for this study. Evaluations and analyses of 
programs were made on the basis of selected socio-economic goals and of 
program activities Identified in the Manual of Classification of 
Agriculture and Forestry Research . Also identified were those portions 
of the PHT program classified as (1) basic research contributing to 
advances in knowledge and (2) those supportive to regulatory functions 
of state and Federal agencies. 

There was a significant amount of support for programs contributing to 
each of the seven socio-economic goals selected by AR and 0MB to 
evaluate PHT works (See page 20). As expected, the major activity and 
support was for the goals related to productivity and product quality. 
However, the amount of the activity and the assignment of funds and 
manpower for health and safety, energy conservation, environmental 
protection, reduction of losses, and more favorable balance of payments 
showed that during FY 1976 important research efforts were underway 
contributing to these more recently Identified priority goals. The 
distribution of the research activity among the several goals reflects 
the responsiveness of the research system to emerging issues and the 
effective management for maintaining the relevance of research 
programs. 

Of the funds and manpower for State PHT research, 32 percent were 
assigned for basic research, (Table 14). This proportion was 
considered to be within the range for a well balanced program. 



Ap p i: 0 X 1 ma t: o I y $ 1 . 7 mill i on a ud 7 7- • I S Y r> V7e re c o ii t ri bu t i ng Lo t ho 
support of ro^ulafoiy acLlviiLes, primarily relaLocl lo rosotircdi on 
grades and sLaiidaidb of ptoducLSo The need f oi couLinuoiis inoiiiLoring 
and upgrading ul ihe knowledge of ptoducl characteristics liicreascbs as 
a result of technological advances that foster lUioful changes in t:ho 
marketing and distribution systeiiu 

A survey of the Directors of the State agricuLtiiral experiment stations 
provided a viewpoint reg, aiding the content, scope, support, <‘lient<^l(' 
served and just ificat ion for the PUT research program* Consumers V 7 (ire 
identified as the primary benef Lciaries of PHT r<^soarch; producers, 
processors, other agri-businesses, and State and Federal Government 
agencies v/ere ideulified as secondary beneficiaries* Directors \<jcvo 
unanimous in the opinion that private industry v/ould not fiufuice and 
carry out the needed PHT research to serve societal neeidSo The 
Directors identified areas of research they considered the 
responsibiiity of the public-supported institutions* Other areas of 
research were ideutif Led that should be the joint responsibility of the 
State institutions, Federal government and industry through a 
coordinated effort* Thai research considered the sole respoiis 1 1) 1 1 i ty 
of industry was also Identified* Careful attention is being paid to 
appiopriate roles and responsibilities, to avoiding unnecessary 
duplication, to coordination of the planning and management, and to 
maximizing the use of limited resources * 

The vital role that post-harvest technology functions play In Linking 
agricultural production (supply) with consumer demands (markets) CMiiiiot 
te overemphasized* Continued successful functioning of the food and 
fiber system depends upon a strong PHT research program* 

Of the total funds and manpov7er supporting all areas of agricultural 
research, approximately 10*9 percent of the funds and 12.9 percent of 
the manpower are allocated for PHT research. This is woeftilly 
inadequate for the research that should be carried on to deal with PHT- 
related problems. This is particularly true when one considers that 
over 65 percent of the consumer’s food dollar Is required to pay for 
functions performed in the marketing sector and less than 35 percent 
to pay for those functions in the production sector. In view of total 
research resources, it is evident that the responsibility for conduct 
of essential PHI research must continue to be the joint responsibility 
of the public and private sectors. 
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Table 14, Percentage of Total PUT Research Funds and Manpower 
Designated for Basic Research, 1976 


Percent of Total 


Region 

Funds 

Manpower 

Northcentral 

37 

38 

Northeastern 

32 

32 

Southern 

27 

23 

Western 

34 

32 


Average 


32 


32 
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Table 15 * Percent of PUT Funds and Manpower for 
Research Activity Designated for Basic Research 



Research Activity 

Funds 

Manpower 

4500 

Protection against insects, mites, 
snails, slugs and control agents 

43 

42 

4600 

Protection against diseases, parasites 
and nematodes and their control agents 

31 

31 

4700 

Protection against weeds and their control agents 

28 

21 

4810 

Protection against fire 

15 

13 

4830 

Protection against pollutants 

38 

36 

4870 

Protection against molds, fungi and 
other spoilage organisms 

34 

33 

4880 

Protection against allergens, toxins 
and poisonous plants 

54 

52 

4890 

Protection against radiation, noise 
and other hazards 

27 

26 

5400 

Chemical and physical properties of food products 

44 

45 

5500 

Developing new and improved food 
products and processes 

29 

29 

5600 

Chemical and physical properties of 
non-food products 

44 

40 

5700 

Developing new and Improved non-food 
products and processes 

34 

40 

5800 

Identification measurement and 
maintenance of quality 

28 

30 

5900 

Improving economic and physical 
efficiency in marketing Including 
analysis of market structure and functions 

17 

17 

6000 

Analysis of supply, demand and price, 
including interregional competition 

19 

19 

6100 

Developing domestic markets, including 
consumer preference and behavior 

11 

12 

6200 

Foreign trade, market development and competition 

19 

17 


Table 1 Food and Kindred Products Businesses 1/ 
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roceries and Related Products 1/ 




Table 4. Retail Food Stores 1/ 
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APPENDIX B 

EXAMPLES OF BENEFITS llEALIZED FROM PUT RESEARCH 


The following are a few examples of benefits that have resulted from 
PUT research projects In several of the States. 

1. Arizona 

a. Impacts of relative price changes of feed and cattle on 
marketing of U.S. beef. 

Beginning in May 1976, beef from calves and yearling steers fed 
varying concentrate levels was distributed to Tucson consumers 
through a local supermarket chain. Each package of steaks or 
roasts contained a questionnaire designed to gage consumer 
reactions to the beef produced by the various feeding regimes. 
Questionnaires were also placed in some regular stores as a 
control. Results indicated that 80 to 90 per cent of the customers 
found the beef produced by the various feeding regimes to be 
acceptable in terms of leanness, taste, tenderness and overall 
satisfaction. 

Consumers have benefited from this project through changes in store 
policies and procedures initiated by responses to the 
questionnaire. For example, some cuts are trimmed closer than 
before the survey began in response to comments from respondents. 
Other changes are possible as later survey results are analyzed. 

b. Technological and structural changes in the marketing of beef. 

Data were collected over a ten-week period from four meat markets 
in the Tucson area with the following objectives in mind: 

(1) Determine costs associated with shrinkage of meat in the 
retail store. 

(2) Determine costs associated with deterioration of meat in the 
display case through spoilage, reduction in quality and 
costs of reprocessing. 

Results indicated that changes in policy as regards stocking, 
pricing, deteriorated meat as well as improvement in the 
environment of the coolers, cutting rooms and display cases could 
result in cost savings through less shrinkage and deterioration. 
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II. Arkansas 

a. Changing practices for cotton ginning. 

For many years it has been recognized that the operation of 
cotton gins for about 90 days or less each year Is a very 
inefficient use of ginning facilities. This is especially true 
for the new high-capacity gins which in some cases represent an 
investment of $1,000,000 or more per gin. In order to operate 
cotton gins at a higher percentage of capacity, seedcoLton must be 
accumulated during the harvest season and held for ginning at a 
later date. To facilitate this, a method of pricing multiple 
bale-lots of seedcotton was developed by researchers at the 
Arkansas Agricultural Experiment Station. The ability to determine 
the market value of cotton before it is ginned permits producers to 
continue to sell this cotton at harvest for cash to pay production 
loans, etc. It facilitates the accumulation of cotton by ginners 
for ginning during the off-harvest season. According to USDA 
researchers, the potential savings in ginning cost from this method 
of operation amount to $5.00 or more per bale or $60,000,000 or 
more per year to domestic cotton growers. 

b. Containers for vine-ripe tomatoes. 

Before 1966, Arkansas vine-ripe tomatoes were manually packed in 
wire-bound containers such as the l/2~bushel basket. Surveys of 
markets revealed produce buyer dissatisfaction due to fruit damage 
from the roughness of the containers. Also, the lack of size and 
grade uniformity was criticized. Based on research 
recommendations, the marketing associations with memberships of 
approximately 1,000 growers adopted an industry-standard 
corrugated-paper lug box as a shipping container. Initially, gains 
were estimated to be $0.80 per container on 65 percent of the crop 
(500,000 lugs) that was sold in the new-type containers in 1966. 
Mechanical sizing and conveying in the packing operations has 
Improved size sorting and reduced labor requirements by 14 percent, 
or 101 hours per 1,000 lugs. This would translate into at least a 
savings of 15,214 man-hours in packing Arkansas' 1977 crop of 
approximately 1.5 million lugs. 

c. Methods for reviving specific horticultural industries. 

Labor shortage and cost threatened the large scale production of 
small fruit crops in the U.S. and eliminated much of this Industry 
in our region. Research at the Arkansas Agricultural Experiment 
Station was responsible for development of new mechanized systems 
for production, harvesting, handling and utilization of 
blackberries and strawberries; and the development of new cultivars 
adapted to these systems. Present application of these systems 
promises a healthy revival of these industries. 
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d. Quality control of processed sweetpotatoes. 

Research at the Arkansas Agricultural Experiment Station in the 
area of polysaccliaride degradation led to development of new 
processes which assure quality control of processed sweetpotatoes o 
These processes also allowed the utilization of freshly harvested 
sweetpotatoes by the baby food industry, thus eliminating decay 
losses and energy waste during traditional curing and storage of 
this crop. 

Ilia Auburn (Alabama) 

a. High quality flour from southernpeas . 

Southernpeas ( Vlgna ungulculata ) are high in protein, high In 
minerals, low in fat, and relatively abundant In the essential 
amino acid lysine. Most staple grains are low in lysine which 
limits the human body^s ability to utilize the protein in these 
grains. Research being conducted at the Auburn University 
Agricultural Experiment Station is aimed at developing new food 
products to take advantage of the nutrient potential in 
southernpeas. Such a flour would have minimal protein damage from 
thermal processing, would be similar in appearance to wheat flour 
and would have substantially all of the bean flavor removed. 
Numerous processing variables have been examined for their 
influence on the physical and organoleptic characteristics of the 
flour. A process utilizing flash evaporation of the volatile 
flavor components followed by spray drying shows good potential for 
producing high quality southernpea flour. 

b. Development of least cost routings for the transportation of 
products to market. 

The problem of transporting goods to market as efficiently and 
inexpensively as possible has been with man since he evolved from 
the subsistence type economy and became dependent upon others for 
food and fiber. The number of customers and the size of service 
areas covered by many assembly or distribution systems make it 
practically impossible for even the most experienced route manager 
to evaluate all routing alternatives. Computerized quantitative 
methods are available to aid In the development of efficient least 
cost routing networks* Experience with these procedures has been 
beneficial to firms who have chosen to evaluate their 
transportation systems. For example, an analysis of the delivery 
network for an Alabama wholesale milk distributor indicated that 
through the development of more efficient routes, total delivery 
costs could be reduced 16 per cent. Also, total time required to 
make delivery was lowered by 35 per cent. Such savings are 
significant and are Important in considering ways to reduce or 
limit future food price increases. 
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IV* Colorado 

a. Delay of posc^harvest deterioration of carnations. 

Several years ago the Colorado carnation industry was faced with 
virtual extinction because of fiisarium organism infestation of the 
cut flower stems and petals* The organism caused the flower to 
deteriorate in a 3-“4 day period after harvest, which limited the 
distribution and sale to local-regional markets. Colorado State 
University scientists, in cooperation with the Colorado Flower 
Growers Association, were able to develop techniques for growing 
and harvesting carnations in a near germ-free environment. 
Post-harvest deterioration is now delayed up to 14 days. Today, 
the Colorado carnation industry is a flourishing $25 million a year 
industry — and the number two carnation growing state. As an 
example of how development in one Industry can carryover into 
others, it is noted that carnations constitute the largest value of 
air freight shipments from Denver’s Stapleton International 
Airport. 

b. Reduction in the losses for fresh market peaches. 

The Colorado peach growing industry is located in the western part 
of the state. Most of the peaches are sold in "fresh” markets, and 
the growing region can be considered to be very remote from the 
major metropolitan centers where the bulk of the peaches are sold. 
Until the early 1970 *s as much as 20 percent of the harvest spoiled 
during transport and storage at distribution centers. Colorado 
State University developed a spray treatment technology and a 
method of containerization which reduced waste by over 
50 percent — providing benefits to growers, shippers and consumers 
alike. 

V. Florida 

a. Improvements for the marketing of sweet corn. 

Precooling of sweet corn after harvest and before shipping as a 
means of retaining sweetness (sugar content) during marketing aided 
considerably in the development of the 55,000 acre sweet corn 
industry which had a crop value of $44,000,000 in 1976-77. In 
cooperation with industry, methods were developed for hydrocooling 
sweet corn to obtain maximum retention of sweetness and other 
flavor constituents and avoidance of pericarp toughness. Methods 
were also devised for vacuum cooling sweet corn without denting due 
to drying of the kernel. The trimming of the ears was found to 
have no effect on quality but allowed more efficient marketing. 
Smaller containers could be used with less weight which would allow 
more containers to be shipped per trailer truck thus reducing 
energy needs and shipping costs. 
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Control Ling bacLei“iai breakdovm of vegolableSo 

(1) Radish growers and packers were plagued v/itli a breakdov/n of the 
radish when they switched to packaging their product in plastic 
bags* The problem was found to be caused by a bacterium which 
entered the radish during the washing procedure* Changing the wash 
water more frequently and adding hypochlorite to the water 
eliminated the problem* (2) Hypochlorite solutions from chlorine 
gas or hypochlorite salts (laundry bleach or sv7immlng pool 
disinfectants) were found to aliminate contamination of tomatoes 
and bell peppers by sof t'^rottlng bacteria during the dumping and 
v;ashing phase of packing those vegetables. Most packinghouses now 
chlorinate their Hump-tank water and wash-water. As a result, much 
lovjer losses to bacterial soil rot have occurred recently even 
tlioiigh the currently preferred tomato cultLvar is much more 
susceptible to the drsease than were the older cultlvars* 

c* Research applications that have resulted In citrus as a major 
iiulusi ry* 

(1) Prior to 1950, the methods for utilizing citrus fruits were not 
sufficietil to cope v/ith the expanding production of fruit* The 
development of concentrated frozen orange and grapefruit juice and 
specific analytical techniques for prodiictiou and maintenance of 
high quality products enabled the citrus industry to expand to 
double Its value to the state's economy in just a fex"; years. The 
cost of the research at that time x^as very little in coinparisou to 
the annual benefit to the state for almost 30 years* 

(2) Along with the development of frozen concentrated juices, 
research was done on utilization of the non-juice portions of 
citrus fruit, which amounts to 45 percent of the entire fruit 
currently amounting to approximately 5,000,000 tons* As a benefit 
oi this research, there has been developed a large and stable 
by-products industry utilizing virtually 100 percent of the waste 
materials from the juice extraction process* This also has been 
extremely valuable to the state in increasing the value of the 
crop, improving the economy and virtually resolving a potentially 
large waste and pollution problem. 

(3) For many years, the production of lemons in Florida was limited 
to dooryards and very small scale fresh fruit operations for local 
markets and some gift box trade* Through research, methods were 
developed to handle Florida-grown lemons so that now there is a 
multimillion box production of lemons, worth many millions of 

illars to the economy of Florida* 
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(4) During the past 30 years research at the AREC, Lake Alfred, 
Florida has enabled the Florida Citrus Industry to salvage more 
than $6,500,000 of citrus essential oils that had been contaminated 
with Fe, cu, Pb, etc. As a result of improved processing and 
handling technology, Florida citrus oils are recognized vjorldwlde 
as having superior quality and flavor. 

(5) With the advent of pulp wash concentrate for the beverage 
industry, the Florida citrus processing industry was faced with a 
dilemma as how to best produce a high density concentrate due to an 
aggravating viscosity problem which limited concentration to no 
more than 25 to 40 degrees Brix. Enzyme research at AREC-LA 
demonstrated that pectic enzymes could be used to reduce viscosity 
with no detrimental effect on concentrate quality and today 60 to 
65 percent Brix pulp wash concentrates are produced routinely. 

This process has led to energy savings, lower shipping costs, 
reduced warehousing requirements and other improvements in 
efficiency as well as reduced costs. 

(6) Research at AREC-LA has demonstrated that citrus juice sacs are 
a major contributor to air pollutants from citrus feed mill stack t 
gases. The segregation and recovery of juice sac which may be 
dried and utilized in human foods has resulted in substantial 
economic returns to the citrus processing industry with 
accompanying reduced air pollution. 

d. Establishing adequate processing for microbial safety of 
precooked beef roasts. 

As a result of recent salmonellosis outbreaks associated with 
pre-cooked beef roasts, a major producer of these products in the 
state contacted us and requested that we make recommendations 
regarding his processing operation. Evaluation was made 
across-the-board, i.e«, from the manner in which raw quarters of 
beef were moved through the plant to the cooking protocol that was 
used in-plant. Sanitation adequacy was also determined. As a 
result of this work, numerous steps were taken to assume adequacy 
of processing in terras of microbial safety. USDA (FSQS) interim 
guidelines for cooking adequacy were Implemented at about the same 
time. Meat industry groups contacted a private consulting 
laboratory to determine alternative processing regimes which are 
now in use. All groups, industry, university and private 
organisations, cooperated well. Recent work in our laboratories 
has indicated additional means for controlling product losses due 
to shrinkage while maintaining product quality and safety. 
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I, Georgia 


a* High quality pecan products • 

The development of the pecan industry from a seasonal crop 
characterized by low^quality and low returns to one delivering 
uniform, high quality products the year-round, has been due to 
several key applications of post-harvest technology* 

First, the large losses from mold contamination were shown to be 
avoidable through rigid moisture control to a level not exceeding 
4*5 percent* 

Secondly, by storage at appropriate temperatures of 0 degrees C 
(32 degrees F) , -4,25 degrees C (20 degrees C), -20 degrees C (0 
degrees F), flavor and color could be controlled at the optimum 
level for consumption throughout the year* 

Thirdly, the demonstration that the optimum quality of a nut is 
achieved before falling has enabled shaking and mechanical 
harvesting to be utilized* These applications have resulted in a 
healthy and growing pecan industry* 

b. Improvements in the peanut industry* 

Plant breeders and agronomists have developed several new 
disease-resistant or high-yielding varieties of peanuts in recent 
years. These peanut lines appeared to offer benefits of Increased 
yields and profits to farmers as well as reduced costs for 
processed products to consumers. Food technologists at the 
University of Georgia conducted extensive processing and quality 
evaluation studies of new peanut varieties and found that many 
which appeared to be promising in terms of increased production 
possessed undesirable processing characteristics and were 
unsuitable for use in the commercial trade. Plant breeders and 
agronomists now work cooperatively with food technologists to 
include a program of quality evaluation of new peanut varieties to 
achieve optimum production, processing and quality characteristics. 
The importance of post-harvest technology can be readily 
appreciated* 

VII. Idaho 

a. Potato storage studies and economic impact. 

The cost of and benefits from the development and implementation of 
the new potato storage technology were estimated. Tlhe compounded 
cost incurred in the development of this technology during the 
1958-1973 period was estimated at $266,349. The present value of 
future benefits over the 27-year period (1974-2000) anticipated 
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life of this technology was estimated at $3.4 billion. Social rate 
of return to public investment in the development of the new potato 
storage method was estimated at 1323 percent. 

The implementation of the new storage method has directly or 
indirectly contributed to 543 person/year increase in employment in 
the processing sector of the Idaho potato industry. This increase 
in employment has contributed $3.3 million annual increase in 
wages. The total annual economic impact of this increased 
employment on the Idaho economy was estimated at $5.2 million based 
on .75 marginal propensity to consume and 2.11 multiplier 
coefficient. 

Vlll. liiinois 

a. Controlled atmosphere storage of vegetables. 

A significant contribution concerning the use of controlled 
atmosphere for the storage and preservation of many fresh, 
refrigerated vegetables such as spinach, beans, broccoli and 
lettuce was made by researchers in the Food Science Department. 
Their results established optimal conditions for storage and showed 
quantitatively the advantages of controlled atmosphere storage 
during the shipment of these materials. These efforts, in part, 
resulted in industry adaption of this technique and its common use 
for shipment of these materials. Additionally, the research 
efforts aided in the development of suitable equipment systems for 
industrial use, for example, the Whirlpool Corporations* Techtrol 
Systems. 

b. Development of processed foods from whole soybeans. 

The Department of Food Science has developed a number of foods from 
whole soybeans. It has been apparent that there is a worldwide 
need for additional protein for human consumption, and soybeans 
have protein content of excellent nutritional quality. A 
controlled heat treatment for soybeans was developed before damage 
to the whole bean occurred during processing to eliminate 
objectionable flavor development. A series of prototype foods 
including such items as weaning food, canned bean and meat 
mixtures, breads and a number of dairy-like analogs have been 
developed. This has resulted in a considerable interest in this 
particular process and several companies (both domestic and 
foreign) are investigating their marketability. This particular 
post-harvest technology research has strong implications in the 
international arena and is being further developed through the 
auspices of several international programs. The adoption of this 
technology will result In energy savings and considerable economic 
advantages for equivalent nutrition when compared to alternate 
protein sources. Its impact on the economics of soybean production 
would be apparent following wide-scale use of this food product 
line. 
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IX. Maine 

a. Establishing quality and shelf life standards for blue mussel 
shell stock. 

Prior to research in our laboratory, the shelf life of blue mussel 
shell stock was not defined; neither were recommended procedures 
for handling mussels available. Research performed here has 
provided information with regard to the best handling procedures 
for blue mussel harvesters, resulting in a high quality product. 
Recommended storage conditions have resulted in a product of known 
quality with a relatively defined shelf life. 

X. Maryland 

a* Sterile fluid milk 

The concept of sterile milk is not new, but it has not been 
accepted by the American consumer because of a "cooked” flavor. 
Station scientists working with a thin film sterilization technique 
developed by DASI Industries have produced a sterile fluid milk 
product that is as acceptable as normal pasteurized milk. The 
introduction and utilization of this product has the potential for 
significant energy savings and Improved quality, and should result 
in lower costs to consumers. The first year of a 3 year study 
sponsored by the Department of Energy to develop a pilot plant and 
to conduct market studies is currently underway. 

b. Extending the shelf life of fruits and vegetables by fumigating 
with acetaldehyde. 

The estimated annual losses during transit and unloading of fresh 
fruits and vegetables in the United States exceed $200 million. 

The principal losses are caused by 10 major post-harvest pathogens. 
Station scientists have demonstrated that acetaldehyde at given 
concentrations acts as a volatile fungicide without adversely 
affecting the qualities of the fresh product. Acetaldehyde is a 
naturally occurring metabolite of respiration and has been cleared 
for use by both FDA and EPA. The use of acetaldehyde fumigation 
can more than double the shelf lives of fresh fruits and 
vegetables. 

XI. Michigan 

a. Prevention of bloating of pickling cucumbers during brining* 

Two years ago 80 percent of the pickling cucumbers processed became 
bloated during the brining process. This limited their use to low 
value products such as relish. Michigan State University research 
developed a means of purging the pickle brine with nitrogen gas 
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which CHScntially eliminated the bloaters o This process has been 
universally adopted by the industry, 

b. Computerized program for lumber yields and costs. 

A computerized program to maximize liardwood lumber yields and 
minimize hardwood lumber costs in furniture manufacture has been 
developed. Savings of 5 to 20 percent have been reported by 
furniture companies using the program. Full adoption could mean an 
annual savings of $2 million for Michigan furniture manufacturers. 


IIX, Minnesota 

a. PUT and reduced food costs. 

The benefits of PUT research far exceed the costs. Food costs are 
reduced through longer storage time, reduced wastage, higher 
quality foods, and new energy conserving processes. Freedom from 
fears of food-borne diseases is a benefit that all enjoy but cannot 
measure . 

For example, (1) £. perfringens is one of the most common sources 
of food poisoning. Slow cookery of meat as in a crock pot or low 
temperature oven provides opportunity for food poisoning to 
develop. Minnesota scientists are developing guidelines for 
cooking meat to the desired state of doneness and preventing the 
risk of food poisoning in restaurants and homes. 

(2) A new packaging technique developed at the University of 
Minnesota prolongs the shelf life of poultry and reduces the cost 
of transportation. Previously, the wet-ice method required 10-20 
pounds of ice be used to cool 22-25 broilers placed in cartons. 
With the new carbon dioxide filled air tight, special nylon-surlyn 
film wrap, 15 to 25 percent more poultry can be shipped in smaller 
cartons at considerable savings and to much more remote markets. 

(3) Minnesota scientists developed a small-farm scale process of 
making a high-quality Gouda cheese that permits small farmers 
without capital for land purchase to find full-time emplo^ent for 
themselves, members of their families, and neighbors on t eir arm. 


XIII. Mississippi 

a. Cured beef product made from animals fed on grain-free diets. 

The American diet has not contained cured beef items for the 
breakfast meal. Research in product development at Mississipp 
State University has resulted in the development of a lean, fia'^ed, 
and formed cured beef product from animals fed on grain-free diets. 
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This pL'oduct Is currenlJy being put Into commercial production and 
IS a beef product that can bo used as a substitute for boneless, 
defatted ham products that are so popular in the United States* 

b. Fortification of milk with mtlk solids not tat* 

Research dealing with fortifying mlJk with milk solids not fat was 
conducted at MSUo Work indicated fluid iiuLk fortified with added 
solids more acceptable than same product not fortified* It is now 
common practice to fortify such products as skim and low fat milk 
with mlLk solids not fat* Since J egaLization of practice, results, 
of tins study have been of major economic Importance to dairy 
industry* Millions of pounds non fat dry milk have been utilized 
in the fortification of fluid products* Consumers have benefitted 
from added nutritional value of protein, vitamins, minerals and 
other nutrients contained in added solids* Producers have also 
benefitted from increased utilization of total milk products. 

XIV* Nebraska 

a* Prediction of meat tenderness based on ratios of mineral 
constituents. 

Prediction of tenderness of meat cuts is subjective and inaccurate* 
Research has determined that ratios of certain mineral constituents 
is highly correlated with meat tenderness* This finding has 
permitted the adaptation of a portable x-^-ray analyzer to measure 
predicted tenderness of meats* The concept has been patented, and 
licensure agreements for its use in meat grading programs are being 
developed. Gi“eat savings in grading costs and improved reliability 
of grade information are foreseen as benefits of this development* 

XV. Rutgers (New Jersey) 

a. Optimization of lime treatment of corn for preparation of 
tortillas. 

Research has been conducted on the optimization of the lime 
treatment of corn for the large'-scale preparation of tortillas. By 
physical methods we can predict the necessary treatment time to 
optimally dehull corn of any variety* This results In improved 
product quality; better retention of nutrient values, and an 
increase in manufacturing efficiency and therefore, conservation of 
energy* This research has national and international application. 
This basic research correlating the physical chemistry of food 
systems and mathematical relationships is considered a significant 
advance in the technology of corn masa preparation which dates from 
the Mayans* 
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bo Reduction of Rhizopus rot fruits and vegetables 

Rhizopus rot was the most destructive disease of Eastern peaches on 
the market.^ Attempts to control this rot was unsuccessful until a 
NJAES plant pathologist found that this rot was easily controlled 
by the post-harvest appiicattoii of 2 ^b-dichloro-A-nitroaniline • 

This discovery led to the caramercial use of this material on a 
number of fresh fruits and vegetables > effecting a dramatic 
reduction of losses from this rot* 

c* Modification of storage procedures to control disease in the 
Centennial sweetpotato variety. 

A disorder of the leading sweetpotato variety, Centennial, began to 
appear several years ago after the potatoes were cooked. Because 
the sweetpotato with this disease had no external symptoms, the 
losses from this disorder were borne completely by the consumer 
and/or the retailer. In one year alone, losses due to this 
disorder were estimated to be 1,000,000 pounds in the New York 
Metropolitan area. Plant pathologists participating in a specific 
Cooperative Agreement between the NJAES and ARS discovered the 
cause of the disorder and developed a simple, specific storage 
regime which eliminated it. Not only did these studies "‘salvage*’ 
the Centennial variety but were responsible for the introduction of 
the hard core resistant, Jewel variety. 

KVI. New York 

a. Controlled atmosphere storage of apples (Cornell). 

The development of controlled atmosphere storage of apples at 
Cornell cost about 13 scientist years and $780,000# This resulted 
in annual return to the industry of about $2,250,00 and brought 
apples to the consumer year around# 

b. Increasing pack per ton and redaction in waste disposal in 
sauerkraut processing (Geneva)# 

New York is a leader in the production of cabbage and a big market 
for this cabbage is in the form of sauerkraut* Case pack per ton 
of raw product is a big concern of the processor as well as the 
waste (brine) he must dispose of# A new variety, "Hi-Dri*', was 
developed for the New York area which improved the pack yield by up 
to 45 percent. At the same time the amount of brine was reduced 
that had to be taken care of in their waste disposal system# 

Further treatment of the sauerkraut waste was researched and 
developed in another project. 
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XVI-Io North Carolina 

a* Country-style ham developed into a major industry^ 

In country-style ham studies, the interrelationships of curing 
times, equalization of curing ingredients within hams, aging time, 
and control of relative humidity, temperature and air flov; were 
determinedo This work resulted in controlled moisture iosxses, more 
rapid flavor development, elimination of mold growth and more 
complete standardization of ham quality* The country-style ham 
industry developed rapidly in North Carolina after it placed into 
practice the results of this research* The gross income of the 
industry grew from about $10 million per year to about $100 million 
in about 10 to 12 years* 

b* Sweet acidophilus milk* 

Five to ten years of basic research culminated in the development 
of SWEET ACIDOPHILUS MILK* Since its introduction in April 1975, 
the product has now reached production in approximately 38 States* 
Representatives in the dairy industry have spoken of it as the 
first major development in the fluid milk industry since the 
introduction of vitamin D milk* The milk is being accepted quite 
favorably by consumers, many of whom advise us that various 
problems associated with their digestive systems have been 
alleviated since this product has been available* Such types of 
testimonials tend to confirm various research reports in the 
literature that have described various beneficial attributes 
resulting from the ingestion of Lactobacillus acidophilus which had 
heretofore been available in milk only as ACIDOPHILUS MILK - a very 
distasteful product which has not been on the market in any 
quantity since World War II. Additional research is being 
conducted at our university and in collaboration with different 
medical schools to identify additional beneficial characteristics 
of SWEET ACIDOPHILUS MILK* An increasing volume of studies dealing 
with intestinal microorganisms indicate that the lactobacllll 
contribute beneficially to different intestinal functions* 

XVIII. North Dakota 

a* Improvement of malting barley in order to retain an industry* 

The barley production industry of North Dakota is here only because 
of a concerted effort by the public institutions and the MBIA 
(Malting Barley Improvement Association) in the early and 
raid*~1950*s to keep the acreage of malting barley, which was in 
Wisconsin, from moving from western Minnesota and eastern North 
Dakota to Montana and west* The MBIA Initiated a grant which was 
to encourage additional malting barley Improvement by the publicly 
supported plant breeders and cereal chemists. This effort has paid 


81 


off handtSomely since In 1977 we produced 98,670,000 bushels of 
barley worth $157 ,872,000. This represents 24 percent of the 
barley in the United States and places North Dakota in first place. 
The continued strength of the barley industry due to high quality 
and high-yielding varieties is evident in the establishment of two 
malting barley processing plants in or near North Dakota. 


XIX. Pennsylvania 


a. Increased canned yields of mushrooms by pre-treatments of raw 
product. 


Low and variable yields of canned mushrooms present a problem to 
Pennsylvania processors in their efforts to meet the economic 
impact created by imports of canned mushrooms from countries with 
lower labor and overhead cost. As a result of research conducted 
by personnel of the Department of Food Science, a number of 
processing options which could increase canning yields 
significantly had been offered. Increased temperature, 
post— harvest storage, combined with soak treatments of the raw 
product have been shown to increase can yields by 15 percent or 
more. Increases of smaller magnitude are possible by applying 
storage with soak treatments independently* Savings resulting from 
each 1 percent increase in canned product yield have been estimated 
as $10,000 per million canned pounds. About 60 million pounds of 
mushrooms are canned annually in the Commonwealth. Elements of 
these processing options are currently being adopted by processors 
in Pennsylvania and also abroad. 


b. Improvements in the safety and prevention of spoilage of 
products home canned* 

Beginning in 1974, an unexpected interest in home canning quickly 
depleted the normal supply of jar lids made by traditional 
manufacturers. Seal failures of lids made and marketed in 1975 by 
an inexperienced manufacturer sparked a multitude of requests fro 
home canners for assistance. Therefore, an evaluation project was 
promptly conducted to ascertain the effectiveness of 
available to home canners, the results of which were pu si 
an Agricultural Experiment Station progress f 

nine jar lid brands tested were found to perform satisfactorily. 

Ml four jar lids found to be unacceptable were removed from the 

^rk.t aJ in ona naan redealgnad to higher 

Over thirteen thousand copies of the report were c 

jir^d manufacturers and 11 state extension Barvices. Mass media 

coverage was nationwide including discussion of the study on NBC s 

’■Today Show”. This research was continued on an 

1976-77 to further improve the seal performance of ja 

home canning. 
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XX. Puerto Rico 

a. Processed products from plantain. 

Several years ago plantains were mainly used as fresh produce by 
the consumers. Tlie Food Technology laboratory undertook the 
development of technology for the complete utilization of the 
comDiodity. Successful processes were developed for the production 
of plantain chips, frozen green plantain, frozen tostones, green 
plantain flour and a dessert of ripe plantain in syrup. These 
processes have led to the development of an industry devoted 
entirely to the utilization of the plantain. As a result of the 
increment in the outlets provided for the utilization of the 
plantains, the farm value of the crop increased from $1 million to 
almost $23 million a year. 

b. Cost reductions for milk delivery. 

Distribution costs are the most important single expense involved 
in moving milk from the farm to the consumer. At the beginning of 
the 1960 decade the need was realized for research to determine the 
costs of milk distribution and to evaluate whether possible changes 
in the distribution system would be desirable. Retail milk 
distribution was done daily from Monday through Saturday with no 
deliveries on Sundays. A time study was undertaken to determine 
and measure the effect of different time factors upon retail route 
costs and efficiency. It showed that ever y~o the r-^day deliveries 
might reduce the cost of distribution. The adoption of an 
alternate“day delivery system brought costs savings between 0.5 and 
0.7 cent per quart of milk in home deliveries, which by that time 
comprised over 94 percent of the total volume distributed. 

XXI 0 Clemson (South Carolina) 

a. Improving the nutritional status of textile workers. 

South Carolina has a large textile Industry that provides lunch 
breaks for its employees. In order to improve the nutritional 
status of Its work force, studies were undertaken to determine ways 
to provide a more nutritious beverage for vending during lunch 
breaks. This was done by using coffee flavored milks and frozen 
milk shakes. Because coffee is a preferred beverage, the use of 
this flavor In milk increased the consumption of milk* Because 
milk shakes are a highly nutritious beverage, efforts were made to 
provide a milk shake that could be vended. A milk shake was 
formulated, frozen and successfully dispensed through a vending 
machine. The Industrial worker thawed the shake in a microwave 
oven and then had a pleasing nutritious beverage. 
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b. Consumer preference for fortified low-fat milk. 

Extensive consumer preference studios to determine the acceptable 
composition of milk were made. Milks modified by adjusting the 
ratio of fat to solids-not-fat were made and subjected to taste 
panels of adults and children. The results of these studies 
indicated a desire by the consumer for a fortified low-fat milk. 
Since these studies, fortified low-fat milks are sold In the Diarket 
place and their sales have increased due to the desires of the 
consumer. 

CIl. Tennessee 

a. Ensiling vegetable wastes from vegetable processing plants to 
meet environmental quality standards. 

Vegetable canners have encountered serious problems with the 
disposal of solid waste in their efforts to meet the new 
environmental quality standards. Research to characterize this 
waste was initiated in cooperation with two largo processors In 
Tennessee. Characterization allowed the quick development of a 
system to ensile this waste and produce an edible silage for use 
for feeding beef cattle. One large plant is using this system with 
considerable economic advantage over other methods. This practice 
has considerable potential for other vegetable processing plants. 

HI. Texas 

a. Imitation cheeses made with vegetable proteins. 

Imitation cheeses of good organoleptic quality and low cost have 
been developed using vegetable proteins to replace up to 50 percent 
of casein. Flours and isolates and concentrates of peanut and 
glandless cottonseed have shown promise in this application. 

XIV. Utah 


a. A low cost starter medium from whey for use in cheese 
manufacture. 

Because of rapidly increasing prices, the cost of commercial 
starter media has become a major manufacturing cost for cheese 
factories. In 1975 Utah State University developed a low cost bulk 
starter medium that can be made in cheese factories from their own 
whey. This medium with its pH control system results in starter 
that is 2-3 times more active than conventional starter. • The 
system has now been installed in four cheese factories, all of 
which are farmer cooperatives. The largest processes about 600,000 
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pounds of milk daily into Cheddar cheese « They have reported that 
the new starter system saves them about $190,000 per year. One of 
the other plants reports savings of $110,000 per year., Additional 
cheese factories will soon be on the program^ This single 
development is now providing benefits in excess of the total annual 
costs for post--harvest technology research in Food Science at Utah 
State University. 

XXV. Vermont 

a. Use of major locally produced raw materials for a new flavored 
yogurt. 

Two important Vermont agricultural products - milk and maple syrup 
- have been combined by University of Vermont scientists into a 
maple--f lavored yogurt that is now on the market. After trained 
taste-testers judged a large number of samples, a formulation was 
recommended for industrial manufacture that contains 14 percent 
commercial grade maple syrup. It is a Swiss-style, natural yogurt; 
no artificial colors, flavors, stabilizers, sweeteners, or 
preservatives are used. The maple-flavored yogurt has a shelf-life 
of about 1 month when kept refrigerated. 

XXVI. Virginia Polytechnic Institute 

a. New grade standards for apples. 

Research conducted at VPI & SU resulted in new grade standards for 
apples based on apple size, percent peel trim, percent defect trim, 
and percent soluble solids. These grade standards reduce the risk 
in yield and plant time requirements, give processors a basis for 
planning their utilization of receipts and plant line setups, and 
give producers an incentive to deliver apples of greatest value to 
the processor. With the new grades and programmed scheduling of 
apples through a plant, the pounds of apples dumped daily can be 
increased nearly 27 percent and applesauce production increased 
31 percent. Also, the percent of utilized cooker capacity 
increased about 22 percent. 

The adoption of the new grade standards and use of the inspection 
in planning processing would result in a 25 percent reduction in 
processing costs. This would amount to approximately $2,000,000 
which would be saved and could be either passed on to consumers, 
passed back to producers, or kept by the processors - depending on 
elasticity of demand of consumers, elasticity of supply of 
producers, and competition among processors. 
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bo Mechanical harvesting of tomatoes o 

Reso<\rcli at VP I & SU concerned with the effects of mechanical 
harvesting of tomatoes In Virginia on cost of harvesting and 
quality of processed product indicates that labor was saved and 
quality of the product for processing was improved » In Virginia 
the labor saving aspect of mechanical harvesting did not lead to a 
displ aceuient of hand pickers because at the going wages a supply of 
hand pickers was not available* In 1974 the reduction In Labor 
requited to harvest tomatoes was approximately 40,000 man'^days per 
season which resulted in about a 1/2 million dollar harvest cost 
saving to tomato producers in Virginia* About 75 percent of these 
harvest cost savings occurred to tomato producers on the Eastern 
Shoreo 

In addition, the mechanical harvesting variety of tomatoes 
harvested mechanically produced a higher conversion ratio of raw 
tomatoes to processed products. In 1974 the net value of this 
improved conversion was about 1/4 million dollars. Thus the total 
cost saving of mechanical harvesting to producers and processors of 
tomatoes in Virginia was about 3/4 million dollars per season based 
on 1974 adoption rate and prices. 

XXVII. Washington State 

a. Extending the harvesting and marketing period for sweet 
cherries. 

Sweet cherry production in Washington for the fresh market has 
increased from 14,000 tons i;ni the mid-1960*s to 33,000 tons in the 
mid*” 19 70* So The problems involved in harvesting, packing, shipping 
and marketing this quantity of fresh fruit (3.3 million boxes) in a 
short ripening season are tremendous. By use of growth regulators, 
producers were able to extend the harvest season from 10 to 24 
days. Research studies on the handling of harvested fruit showed 
the importance of rapid cooling and bruise prevention and resulting 
techniques were able to extend the marketing period over a 4-week 
period. This prevented a disastrous short-term oversupply of fresh 
cherries reaching markets as had happened previously. Research 
underway now on using controlled atmospheres storage systems 
indicate that fresh cherries can be held for months. This would 
help reduce the wide fluctuations in seasonal price and offer the 
convenience of a stable supply to consumers. 
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b. Controlled atmosphete storage of apples stabili/^e.s pioiliuM 
market ingo 

V/asliington is the No^ 1 State In the production oi apples for tlie 
fresh market o The single most important research advaiiro was tlu' 
development of controlled atmosphere storage* Market satni/ition 
occurs with resultant drop In price, if more than one miiMoii bonces 
of Washington apples are moved per week* The development o! 
controlled atmosphere storage has doubled the sales volume ^ 
increased annual state income to growers by $15 million, <unl lias 
stabilized employment for fruit industry workers* 

c. Quality processed potato products depend upon proper handlLiig 
and storage techniques of the raw material. 

Washington is the No. 2 State in potato production. The Iniilc of 
these are processed Into flakes, chips, and frozen products such as 
fries. This requires long-term storage of much of tlu* crop before 
it can be processed. Researchers have shown the importance of 
proper handling and storage techniques to prevent bruising and 
excess sugar buildup, which results in inferior french fries, a 
major product. Without research on PUT, it is doubt fuJ if 
Washington's potato industry could have developed to what it is 
today. 

XXVIll, Wyoming 


a. Mechanically deboned meat provides consumers a high quality 
food at a low price. 

The scope of the mechanically dobonded meat research at the 
University of Wyoming Agricultural Experiment Station has dealt 
with the composition, safety and nutritional value of meat which In 
the past has been wasted because it could not be economically 
removed from the bone. 

The research provides the opportunity for consumers to obtain a 
supply of the highest quality food at the lowest possible price. 

It also makes it possible for Wyoming livestock producers to get 
the highest price for livestock produced. Mechanical dobonlug 
makes it possible to obtain 15 pounds of additional meat from each 
^ pounds of additional meat from each hog and 3 pouiuhs 
of additional meat from lamb or mutton. In addition to the 
increased volume of meat, more efficient use of labor should allow 
the packer to pay the producer more for livestock. The 
mechanically deboned meat which is being produced at present is 
competing with meat imports and much mechanically deboned meat is 
being exported to other countries expanding the market for Wyoming 
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The research at Wyoming has turnished information which has aided 
in the approval of mGchanically deboned meatp The approval allows 
the greater production of meat and potentially higher prices to the 
producer® Consumers benefit from mechanically deboned meat because 
the product is higher in calcium and iron than hand boned meat® 
Calcium and iron are two minerals which nutritional surveys show 
are often lacking in the diet® 

In the case of mechanically deboned meat> industry has not done the 
work in the past because the most benefits v/ould be to the consumer 
and producer® Since industry is often biased by economical 
considerations, universities should continue post“-harvest 
technology research® 
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